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ABSTRACT 



Context. OB stars are important in the chemistry and evolution of the Universe, but the sample of targets well understood from an 
asteroseismological point of view is still too limited to provide feedback on the current evolutionary models. Our study extends this 
sample with two spectroscopic binary systems. 

Aims. Our goal is to provide orbital solutions, fundamental parameters and abundances from disentangled high-resolution high signal- 
to-noise spectra, as well as to analyse and interpret the variations in the Kepler light curve of these carefully selected targets. This way 
we continue our efforts to map the instability strips of ySCep and slowly pulsating B stars using the combination of high-resolution 
C/j ground-based spectroscopy and uninterrupted space-based photometry. 

Methods. We fit Keplerian orbits to radial velocities measured from selected absorption lines of high-resolution spectroscopy using 
synthetic composite spectra to obtain orbital solutions. We use revised masks to obtain optimal light curves from the original pixel- 
data from the Kepler satellite, which provided better long term stability compared to the pipeline processed light curves. We use 
various time-series analysis tools to explore and describe the nature of variations present in the light curve. 

Results. We find two eccentric double-lined spectroscopic binary systems containing a total of three main sequence B-type stars 
(and one F-type component) of which at least one in each system exhibits light variations. The light curve analysis (combined with 
spectroscopy) of the system of two B stars points towards the presence of tidally excited g modes in the primary component. We 
interpret the variations seen in the second system as classical g mode pulsations driven by the k mechanism in the B type primary, and 
explain the unexpected power in the p mode region as a result of nonlinear resonant mode excitation. 



Key words. Asteroseismology - Stars: variables: general - Stars: abundances - Stars: oscillations - Stars: early-type - Stars: binaries: 
general 

1. Introduction 



Based on observations made with the Mercator telescope, operated In the last 10 years asteroseismology went through an unprece- 
by the Flemish Community, with the Nordic Optical Telescope, oper- dented evolution. The launch of the MOST (Microvariablity and 
ated jointly by Denmark, Finland, Iceland, Norway, and Sweden, and Oscillations of Stars, Walker et al. 2003 ) mission in 2003 and the 



with the William Herschel Telescope operated by the Isaac Newton CoRoT (Convection Rotation and planetary Transits, Auvergne 

Group, all on the island of La Palma at the Spanish Observatorio del | et al.|2009| > satellite in 2006 meant the start and the culmination 

Roque de los Muchachos of the Instituto de Astrofisica de Canarias. of me industrial revolution of asteroseismology. Shortly after- 

** Based on observations obtained with the Hermes spectrograph, wards me belle epoque arrived with the launch of the Kepler 



which is supported by the Fund for Scientific Research of Flanders tt? — r — : — , i ^mnt » n-. • ^nnr, t^u- • *u ■ i. 

/t-^^n r, i ■ .u >. u ^ i t t^t t t t, i ■ .u ( Koch et al. 2010 ) satellite in 2009. This immense growth in ob 
(FWO). Beleium. the Research Council ot KU Leuven. Beleium. the > -. *-L 1 . . . . ... 



(FWO), Belgium, the Research Council of KU Leuven, Belgium, the , , . , , , 
Fonds National Recherches Scientific (FNRS), Belgium, the Royal servational data provides ever better input and testbeds to con- 
Observatory of Belgium, the Observatoire de Geneve, Switzerland and front wlth theoretical calculations of stellar structure and evolu- 
the Thtiringer Landessternwarte Tautenburg, Germany. tion. 

Postdoctoral Fellow of the Fund for Scientific Research (FWO), Although the primary science-goal of Kepler is the detection 



*** 



Flanders, Belgium of Earth-like exoplanets (BoruckTet al.pOlO), its virtually un 



1 FR.S.-FNRS Postdoctoral Researcher, Belgium. interrupted photometry also provides us with micromagnitude 
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precision light curves of tens of thousands of stars situated in 
the 105 square degree field of view (FOV) fixed in between the 
constellations of Cygnus and Lyra - a real goldmine for aster- 
oseismology too (Gillila nd et al.||2010| ). While the photometric 
precision is in the order of the one of CoRoT (despite the fainter 
apparent magnitude of the typical asteroseismology sample of 
the Kepler mission), the fixed FOV and target list provides a 
timebase of several years for continuous observations. Such long 
timebase is necessary to resolve rotationally split multiplets - 
which can hardly be achieved from CoRoT data with a time base 
of 5 months - and to measure frequencies with the required high 
precision. The maximal frequency resolution we can aim for is 
given by the Loumos & Deeming (1978) criterion of ~ 2.5 /T 
(where T is the timespan of the observations). This yields a res- 
olution of 0.002 cT l in the periodogram, assuming 3.5 years (the 
originally planned lifespan of the now extended mission) of ob- 
servations. This resolution of ~ 10~ 3 d~ l is necessary for the se- 
cure detection of the rotational splitting of individual modes be- 
cause of the merging of various multiplets in the typically dense 
frequency spectra. 

OB stars - intermediate mass to massive stars - are important 
in the chemistry and evolution of the universe. They have a sig- 
nificant contribution to the enrichment of the interstellar matter 
with heavy elements, moreover, some of them in suitable binary 
systems can end their lives as la type supernovae, the standard 
candles upon which the study of the expansion of the universe is 
based. 

The first overview on the variability of B-type stars observed 
by Kepler was given by Balona et al. ( 2011b[ l. The authors anal- 
ysed a selection of 48 main sequence B-type stars, and con- 
cluded that 15 of them are slowly pulsating B (SPB) stars (with 
7 SPB//?Cep hybrids). Apart from the pulsating stars, they have 
identified stars with frequency groupings similar to what is seen 
in Be stars, and suggested that this might be connected to ro- 
tation. Some of the stars showed clear sign of modulation due 



Table 1. Basic observational properties of KIC 493 1738 and 
KIC 6352430. 



to proximity effects in binary systems or rotation. Balona et al. 
(2011b) have found more non-pulsating stars within the/3Cep 
instability strip, and no pulsating stars between the cool edge of 
the SPB and the hot edge of the 5 Set instability strip. 

The richness of the observed variable behaviour of B-type 
stars must imply that details in the internal physics of the vari- 
ous stars, such as their internal rotation, mixing, and convection, 
etc., are different. Some excitation problems may be solved by 
increasing the opacity in the excitation layers. Also, binary inter- 
action can complicate the observational data and its interpreta- 
tion, but possibly provide better constraints than for single stars. 
In an attempt to increase the number of well studied early-type 
stars, a sample of B-type stars (having no overlap with the sam- 
ple analysed by Balona et al.| - thanks to the different selection 
criteria) was selected for in depth analysis from the Kepler field. 

2. Target selection 

We have selected targets to construct a new B-type pulsator 
sample via a very careful iterative process, incorporating sev- 
eral different techniques. As a first step, based on the publicly 
available Ql light curves of the Kepler mission (release: 15 
June 2010), we carried out an automated supervised classifica- 
tion ([Debossch er et al.|201 \) . This method uses limited Fourier- 
decomposition of the light curves with a maximum of three dom- 
inant frequencies, then after a least-squares fitting, the resulting 
parameters (frequencies and amplitudes) are compared to the 
typical values of known groups of pulsating variable stars (for 
further details - on the same method applied to the CoRoT ex- 



Parameter 

#2000 

£2000 

Tycho ID 
2MASS ID 

By 

Vt 

JlMASS 
#2MASS 
^2MASS 

Kepler mag. 



KIC 493 1738 
19 h 36 m 0O i .887 
+40°05'55'.'19 
3139-291-1 
J19360088+4005551 
11.543 + 0.104 
11.317 + 0.140 
11. 449 ±0.021 
11.526 + 0.019 
11. 548 ±0.020 
11.645 



KIC 6352430 Ref. 

19 h 10 m 57!761 _ I 

+41°46'33'.'44 1 

3129-784-1 1 
J19105776+4146335 2 

7.859 ±0.008 1 

7.906±0.010 1 

7.914±0.032 2 

7.936±0.016 2 

7.896 ±0.023 2 

7.958 3 



References. (l)|H0g et al.|(l998) ; (2) |Cutri etaT]p003) ; (3) |Kepler| 
IMission Team|<2009) . 



oplanet sample - see Debosscher et al. 2009). Because the os- 
cillation properties of different classes of pulsators can be very 
similar, 2MASS colours were used to distinguish between these 
groups (SPB and yDor stars in this case). The remaining nine 
SPB candidates provided the starting point of our study. None of 
these pulsators are included in the asteroseismology target list of 
the mission (Balona et al.|2011bb. The yDor stars are analysed 



by |Tkachenko et al.| ( |2013^ 

To make sure that not only their oscillation patterns but also 
their stellar parameters confirm that these stars are indeed B- 
type main-sequence stars (thus confirming the reliability of the 
previously outlined classification process), we took high reso- 
lution (R = 85 000) spectra of the four brightest targets with 
the Hermes spectrograph (Raskin et al. 2.01 1| > installed on the 
1.2 metre Mercator telescope on La Palma, and estimated the 
fundamental parameters. We carried out a full grid search with 
four free parameters (T e g, log g, and v sin i, plus the metallicity 
Z), using the BSTAR2006 ( |Lanz & Hubeny|2007| l and ATLAS 
(Palacios et al. 2010) atmosphere grids. The derived parameters 
place all stars within the SPB instability strip, which already sug- 
gested that the rest of the sample - chosen using the same crite- 
ria - should also fall into that area of the Kiel-diagram. The full 
spectroscopic campaign (see Sect. [3]) revealed that two stars are 
double-lined spectroscopic binaries (SB2), and that one of the 
fainter objects is not a B star. As an orbital solution can provide 
additional constraints on the physical parameters of the system, 
we decided to analyse the two binary targets with first priority. 
This study is presented in the current paper. 

Main sequence B stars are unlikely to have a planetary sys- 
tem, as fierce stellar radiation and winds destroy their primor- 
dial circumstellar disk before planets can form, which means 
that these targets are not interesting for the exoplanet com- 
munity. As our objects are also not under investigation by the 
Kepler Asteroseismic Science Consortium (KASC, Gilliland 
et al. 2010), we had to take special measures to make sure that 
none of the stars are getting dropped from the target list of Kepler 
during the later phases of the mission. We have successfully ap- 
plied for Kepler Guest Observer (GO) time in Cycles 3 and 4 for 
additional observations of our targets. 

2.1. A priori knowledge 

KIC 4931 738: Our first target is a faint star in the constellation 
of Cygnus. It was also identified - independent from our study - 
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as a B-type pulsator by McNamara et al. (2012), but no in-depth 
analysis was carried out, nor was its SB2 nature discovered due 
to the lack of spectroscopy. The known astrometric and photo- 
metric parameters are listed in Table[T] 

KIC 6352430: Our second target (also known as HD 179506) is 
- by Kepler standards - a bright star in the constellation of Lyra 
at a distance of 495 + !no pc (from a parallax of 2.02 + 0.57 mas, 



van Leeuwen 2007 ). It was first described by Sir John Frederick 
William Herschel in the first half of the 19th century as a visual 
multiple system (HJ 2857). The visual components HJ 2857 B 
and HJ2857C (V mag = 13.6 and 12.1) are at a position angle 
of 6 = 178 ° and 211° at a distance of p = 14.4" and 36.6", re- 
spectively (Dommanget & Nys 2000). We show below that the 
main component itself is a spectroscopic binary (HJ 2857 A = 
KIC 6352430 AB). The star was first listed among the y Dor pul- 
sators by Balona et al. (201 la), then Ba lona| ( [2011| l points out the 
large discrepancy between the effective temperature of 9438 K 
in the Kepler Input Catalog ( Kepler Mission Team 2009 ) and the 
spectral type of B8 V (Hill & Lynas-Gray 1977 Q and - given 
that the spectral classification as the KIC temperatures are well 
known to be unreliable in the B star range (Balona et al. 2011b) 
- attributes the variation to SPB pulsations. No detailed analy- 
sis has been carried out so far for this target either. The known 
astrometric and photometric parameters are listed in TablefT] 

3. Spectroscopy 

3.1. The spectroscopic data 

In order to unravel the binary nature of the two pulsat- 
ing systems, we have gathered 40 high-resolution spectra of 
KIC 493 1738 using the Hermes spectrograph (Raskin et al. 
201 1) installed on the 1.2 metre Mercator telescope on La Palma 
(Spain), the Fies spectrograph installed on the 2.5 metre Nordic 
Optical Telescope on La Palma (Spain), the Hamilton spectro- 
graph ( Vogt 1987) mounted on the 3 metre Shane telescope at the 
Lick Observatory (USA), the Arces spectrograph (Wang et al. 
2003) mounted on the 3.5 metre ARC telescope at the Apache 
Point Observatory (USA), and the Isis spectrograph mounted on 
the 4.2 metre William Herschel Telescope on La Palma (Spain), 
and 27 high-resolution spectra of KIC 6352430 using exclu- 
sively Hermes. We refer to TablePJ] and TablePS] for a summary 
of the observations. 



3.2. Data reduction 

We worked with data produced by the standard pipelines of each 
instrument, except for Isis, where the data were reduced using 
standard STARLINK routines. We merged the separate orders 
(taking into account the variance levels in the overlapping range) 
where it was not yet done or where we felt more comfortable 
using the separate orders and apply our own merging method 
rather than using the merged spectra from the pipelines (Arces, 
Fies, and Hamilton spectra). Subsequently, we performed a care- 
ful one-by-one rectification of all spectra - in the useful range 
between 4040A and 6800A. The rectification was done with 
cubic splines which were fitted through some tens of points at 
fixed wavelengths, where the continuum was known to be free 
of spectral lines. For this we utilised an interactive graphical 



user interface (GUI) which displays a synthetic spectrum (built 
using a predefined parameter set) in the background enabling 
the user to select line-free regions. We used these rectified data 
sets in our further analysis. We note that in case of spectra from 
the Hamilton spectrograph the pipeline-reduced orders were not 
blaze-corrected, and the blaze function was not available, so we 
used a 2D median filter followed by a 2D gaussian filter on the 
2D array containing the separate orders to construct an artifi- 
cial blaze function which we used to correct the spectra. When 
these filters are parameterised properly - using suitable widths 
and sigma values for both dimensions - the output is well recti- 
fied spectral orders. This is a fast and efficient method for the 
rectification of spectra of early-type stars (whose spectra are 
dominated by continuum) obtained with echelle spectrographs. 
Furthermore, for the Arces spectra the wings of the Balmer-lines 
were badly affected while applying the standard blaze-functions, 
so we could not rectify the region of the Balmer lines properly, 
but as we did not use them later on, we did not pay any further 
attention to this issue. 

We have placed all observations in the same time frame by 
converting UTC times of the mid-exposures into Barycentric 
Julian Dates in Barycentric Dynamical Time (BJD TDB, but 
we simply use the BJD notation from here on), and also cal- 
culated the barycentric radial velocity corrections. We checked 
and corrected for the zero point offset of different wavelength- 
calibrations by fitting Gaussian functions to a series of telluric 
lines between 6881A and 6899 A, using an automated normal- 
isation and fitting routine, choosing the first Hermes exposure 
of KIC 493 1738 as a reference point. The fitted Gaussians also 
provided the instrumental broadening values for each exposure 
which we used later in Sect. 3.3 For the Isis spectra this was not 



Hill & Lynas-Gray note that there was a slight discrepancy between 



the spectral classification and their UBV photometry - now we know 
this must have been a sign of binary nature. 



possible because of the wavelength coverage of the spectrograph 
- more specifically of the red arm. Here we used a less pro- 
nounced region between 6275 A and 6312A and cross-correlated 
it with a template spectrum (a slightly broadened version - to 
compensate for the different instrumental broadenings - of the 
first Hermes exposure) to determine the offset. As the blue arm 
does not contain any telluric features at all, we had to use an es- 
timation of the instrumental broadening, and to assume that the 
zero point shift for the two arms is the same. For this reason, we 
decided not to use radial velocity measurements from this part 
of the spectrum. 

3.3. Radial velocities 

Radial velocities were measured using several selected narrow 
lines or line regions by fitting synthetic composite binary spectra 
to the observed ones. 

First an initial set of fundamental parameters were obtained 
from a multi-dimensional grid-search (r e jf, logg, vsin;, and the 
metallicity Z, each for both components) using the best (having 
the highest signal-to-noise ratio (SNR) combined with a good 
merging and normalisation; for KIC 493 1738 a Fies exposure 
with an SNR of 84, while for KIC 6352430 a Hermes exposure 
with an SNR of 134) available exposure (for a more detailed 
description of the method see, e.g., Papics et aL~1 |2011| l. During 
the^ 2 calculation we computed the^f z values for several fine re- 
gions (the ones which we later used during the radial velocity 
measurements, plus Wp and H r ), then summed up the individ- 
ual x 1 values and corrected the sum for the number of used line 
regions. This way narrower regions had the same weight in the 
final result as broader ones. We used only these selected regions 
and not the full available wavelength range because we wanted 



P. I. Papics et al.: Two new binaries with main sequence B-type pulsators from Kepler. 
Table 2. Logbook of the spectroscopic observations of KIC 493 1738 - grouped by observing runs. 



Instrument 


N 


BJD first 


BJD last 


<SNR> 


SNRi 


T 

A exp 


R 


Observer (PI) 


Arces 


2 


2456058.93319 


2456058.95585 


102 


[100, 103] 


1800 


31500 


JJ, JMK 


Isis 


1 


2456087.72276 


101 


[88, 113] 


700 


22 000 & 13 750° 


SB (JS) 


Hamilton 


3 


2456132.77847 


2456134.76473 


53 


[47, 57] 


1800 


60000 


JS, KIC 


Fies 


7 


2456146.45631 


2456148.62473 


73 


[29, 84] 


[391, 2400] 


25 000 


ATH (KU) 


Hermes 


19 


2456156.51739 


2456166.57275 


32 


[29, 36] 


[2700, 3400] 


85 000 


PIP 


Hermes 


6 


2456173.48004 


2456183.38340 


32 


[30, 33] 


[2200, 2800] 


85 000 


PMA 


Hermes 


2 


2456195.50221 


2456200.52468 


31 


[29, 34] 


2700 


85 000 


PB 



Notes. For each observing run, the instrument, the number of spectra N, the BJD of the first and last exposure, the average signal-to-noise level, 
the range of SNR values (where the SNR of one spectrum is calculated as the average of the SNR measurements in the line free regions of 4185A 
to 4225 A, 4680A to 4710A, 51 10A to 5140A, 5815A to 5850A, 6180A to 6220A, and 6630A to 6660A), the typical exposure times (in seconds), 
the resolving power of the spectrograph, and the initials of the observer (and the PI if different) are given. <o) The resolution for the blue and red 
arms of Isis is different. 

Table 3. Logbook of the spectroscopic observations of KIC 6352430 - grouped by observing runs. 



Instrument 


N 


BJD first BJD last 


<SNR> 


SNRj 


T 

A exp 


R 


Observer (PI) 


Hermes 


2 


2455486.34475 2455486.35574 


118 


[116, 121] 


900 


85 000 


PIP 


Hermes 


1 


2455823.36835 


111 


111 


900 


85 000 


JFG (EN) 


Hermes 


1 


2456085.53522 


134 


134 


1000 


85 000 


HVW 


Hermes 


11 


2456156.49370 2456166.40992 


113 


[94, 125] 


[900,1200] 


85 000 


PIP 


Hermes 


6 


2456173.50341 2456183.34817 


115 


[100, 122] 


[900,1000] 


85 000 


PMA 


Hermes 


5 


2456196.52425 2456203.36639 


105 


[95, 113] 


900 


85 000 


PB 


Hermes 


1 


2456209.33827 


116 


116 


900 


85 000 


PIP 



Notes. Same as for Table|]but with line free regions of 4680A to 4700A, 5105A to 5125 A, 5540A to 5560A, 5820A to 5850A, 6195A to 6225 A, 
and 6630A to 6660A. 



the final result to fit the lines needed for the radial velocity deter- 
mination the best. We will come back to the derivation of more 



precise fundamental parameters and abundances in Sect. 3.6 



In the next step we used the derived estimated parameters 
(see the third sections of Tableffland TableB) to create synthetic 
spectra of the binary components and fit all observed spectra 
leaving only the radial velocity values of the components as 
variables. A full 2D grid search with sufficient resolution was 
carried out for all line regions independently for all spectra (us- 
ing specific instrumental broadening values for each exposure 
derived in Sect.|3]2]l. In the case of KIC 493 1738 we used the 
Mgn line at 4481 A, the Hei lines at 4922A and 5016A, and 
the Sin lines at 5041 A, 5056A, 6347 A, and 6371 A, while in 
case of KIC 6352430 we used the region around the Fe n lines 
at 4550A, 5018A,and 5317A, around the Hei lines at 4471A, 
4922A, and 5876A (this only for the fundamental parameters, 
not for radial velocities), around the Mgii line at 4481 A, and 
around the Sin lines at 5041A, 5056A, 6347 A, and 6371A for 
the measurements, containing both the mentioned lines of the 
primary, and several additional narrow - mostly Fe lines - from 
the secondary. The best fit values were provided by a third or- 
der spline-fit of the ^-values in both dimensions, while the er- 
ror bars were empirically fixed to the radial velocities where 
X%i n> 2 = 1.25 x minimi,, ,-,. 2 }- The process is visualised in Fig.fll 
and Fig. [2] All resulting values were corrected with the barycen- 
tric velocities and the zero point offset before proceeding further. 

3.4. Orbital solutions 

The orbital parameters were calculated by fitting a Keplerian or- 
bit through the radial velocity measurements while adjusting the 
orbital period (P), the time of the periastron passage (To), the 



eccentricity (e), the angle of periastron (w), the systematic ve- 
locities (y), and the semi-amplitudes (K). We averaged the radial 
velocity measurements of individual lines and approximated the 
error-bars of these values as the average error-bars coming from 
individual lines corrected with a factor of Vn, where n is the 
number of individual lines per spectra used in the radial velocity 
measurements. We have weighted the average radial velocities 
according to these errors as w — 1 /<x in the fit. 

From the orbital parameters it is possible to derive - as a 
function of the inclination angle - the masses and the semi -major 
axes (see, e.g., Ramm 2004). We give further notes and the re- 
sults for the two systems in the subsections below. 



3.4.1. KIC 4931 738 

During the fit we left out four measurements (one Hermes and 
three Fies exposures) where the components had nearly the same 
radial velocities such as the components were mixed up during 
the automated radial velocity determination due to the overlap- 
ping lines, as well as one measurement coming from the blue 
arm of Isis, where it was not possible to determine the zero point 
offset. The first fit showed that there is an order of magnitude 
higher scatter in the radial velocity measurements of the pri- 
mary. We interpret this as a result of the underlying pulsations. 
For this reason we have redone the fit by first fitting the orbit of 
the secondary component, then fixing these values and fitting the 
remaining K\ for the final parameters. This way we determined 
a binary orbit with a period of 14.197 ± 0.002 days and an ec- 
centricity of 0.191 ± 0.001. The orbital and physical parameters 
derived from spectroscopy are listed in TableH] while the radial 
velocity curves and the best fit solutions are plotted in Fig. [3] 
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50 -45 -40 -35 -30 -25 -20 -15 -10 
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Fig. 1. Visualisation of the radial velocity determination process 
for KIC 493 1738. {upper left) One normalised Hermes spectrum 
(solid black line) is shown around the Si n line at 6347 A with 
a synthetic binary spectrum (red solid curve) constructed using 
the determined radial velocities, {upper right) The ,y 2 -space re- 
sulting from a full 2D grid search of the radial velocities of the 
components. The lowest^ 2 value is marked with a red filled cir- 
cle while the accepted value from fitting the x 2 values in both 
dimensions across the best fit value is marked by a white filled 
circle (almost fully covering the underlying red one). These 
fits are shown in the {lower panels) with a red line, while the 
1 .25 x min[^' 2 , i } level is plotted with a dashed line. RV,- is 

expressed in km s . 



The Scargle periodogram (Scargl e|1982 i of the residuals of 
the radial velocities of the primary {0\ — C\) shows one clear 
peak (and its 1 d _1 aliases - see Fig. [5} above the noise level at 
1.1040 ± O.OOOed" 1 with an amplitude of 3.4 ± 0.5 kms" 1 , and 
a signal-to-noise value of 3.2 (calculated in a 3 d _1 window cen- 
tred on the peak). Although this is below the generally accepted 
significance level of 4, we will show in Sect. 4.3 that this is one 
of the strongest frequencies {ft in Table[6]i found in the Kepler 
photometry of the star. The phase diagram of the 0\ - C\ val- 
ues calculated using fa (see Fig.16} supports the suggested pulsa- 
tional origin of the observed scatter, and also connects the pulsa- 
tions seen in the light curve to the primary star. We also checked 
the 0\ - C\ diagram using f t (in Table[6]i as well and found 
nothing. We note that heat driven oscillation modes can have 
very different amplitudes in photometry, which is determined by 
the temperature variation, and in spectroscopy, which diagnoses 
the velocity variation. This can be the reason why two modes of 
the same I and m with similar photometric amplitudes (such as 
/i and fa - see Sect. 4.3.2 for more information on these modes) 




Fig. 2. Same as Fig.[l] but for KIC 6352430 and the He i fine at 

4471 A. 



3.4.2. KIC 6352430 

Thanks to the difference in the spectral type of the components 
and their projected rotational velocities, there was no need to 
drop measurements where the two components have nearly the 
same radial velocity. Our method works well in these circum- 
stances, because there is no risk of misidentification of compo- 
nents during the fitting of synthetic spectra, as there was in the 
case of KIC 493 1738. The first fits using the full data set brought 
our attention to the slight discrepancy between measurements 
made in 2012 and the three measurements in the previous two 
seasons. To resolve this issue we made the final fit using only the 
data points from 2012, which delivered a very well constrained 
orbit with an orbital period of 26.551 ± 0.019 days and an ec- 
centricity of 0.370 ± 0.003. The orbital and physical parameters 
derived from spectroscopy are listed in Table[5] while the radial 
velocity curves and the best fit solutions are plotted in Fig. [4] 

As it can be seen in Fig. HI measurements from 2010 and 
2011 are systematically and significantly off this fit, which we 
explain by the presence of a third body in a much wider orbit 
around the centre of mass. To put constraints on that component, 
further observations would be necessary. There is no significant 
frequency in the Scargle periodogram of the residuals. 

3.5. Spectral disentangling 



appear with different radial velocity amplitudes. There is no sign 
of periodic variability in the residuals of the secondary. 



As introduced by |Simon & Sturni| ( |1994| l, in the method of spec- 
tral disentangling, one simultaneously solves for the individual 
spectra of stellar components of a multiple system and set of 
the orbital elements. Hadrava ( |1995 i suggested an application of 
the technique in Fourier space which is significantly faster com- 
pared to the disentangling in wavelength domain. In this work, 
we apply the spectral disentangling technique in Fourier space 
as implemented in the FDBinary code (Ilijic et al. 2004}. 

We have used four spectral intervals centred on sufficiently 
strong helium and metal lines (He i at 447 1 A and Mg n at 448 1 A; 
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Table 4. Orbital and physical parameters derived for the best-fit 
Keplerian model of KIC 493 1738, along with fundamental pa- 
rameters and detailed abundances. 



Table 5. Orbital and physical parameters derived for the best- 
fit Keplerian model of KIC 6352430 (using observations from 
2012), along with fundamental parameters and detailed abun- 
dances. 



Parameter 


KIC 493 1738 A 


KIC 4931 738 B 


From fitting synthetic spectra 


P (days) 


14.197 ± 


0.002 


r„(BjD) 


2 456 059.904 ± 


0.015 


e 


0.191 ± 


0.001 


coC) 


45.580 ± 


0.283 


y (kms~') 


12.241 ± 


0.070 


Atkins" 1 ) 


-62.717 ±0.476 


83.941 ± 0.067 


(To-c (km s~') 


2.998 


0.301 


M sin 3 i orb (Mq) 


2.511+0.022 


1.876 + 0.029 


asmi oA {RQ) 


17.275 + 0.134 


23.121 + 0.022 


q 


0.747 ± 


0.018 




From spectral 


disentangling 


To (BID) 


2456059.910 + 


0.029 


e 


0.190 + 


0.004 


coC) 


45.651 ± 


0.750 


K(kms- [ ) 


-62.547 + 0.431 


84.174 + 0.506 


Initial estimate from restricted fitting 


r eff (K) 


14750 ± 1000 


10750+1000 


logg(cgs) 


4.0 + 0.5 


4.5 ± 0.5 


log Z/Zq 


0.0 + 0.5 


0.0 + 0.5 


vsiniVo^kms -1 ) 


9 + 2 


9 + 4 


Analysis of disentangled spectra 


7W(K) 


13730 + 200 


11370+250 


logg(cgs) 


3.97 ± 0.05 


4.37 + 0.10 


logZ/Z© 


-0.24 + 0.10 


+0.10+0.10 


vsin/ rot (kms -1 ) 


10.5+ 1.0 


6.6+ 1.0 


£(kms-') 


2.0 (fixed) 


2.0 (fixed) 


Spectral type" 


B6V 


B8.5V 


He [-1.11] 


+0.10 + 0.10 


+0.00 + 0.10 


Fe [-4.59] 


-0.33 + 0.10 


+0.15 + 0.10 


Mg[-4.51] 


+0.00 + 0.12 


-0.08 ± 0.20 


Si [-4.53] 


-0.30 + 0.15 


+0.15 + 0.20 


Ti [-7.14] 


-0.40 ± 0.35 


-0.10+0.20 


Cr [-6.40] 


-0.30 + 0.35 


+0.00 ± 0.25 



Notes. All abundances are given in units of log(N/N tot ), relative to the 
Solar values listed by Asplund et al. ( 2005 1 which are also indicated 
in parentheses after each element. The mass ratio is defined as q = 
Mb /Ma- '"' Spectral type have been determined based on r eff and logg 
values by using an interpolation in the tables given by Schmidt-Kaler 
(1982). 



He i at 4921 A; Hei at 5016A and Sin at 5041 A; Mgi at 5167A 
and Fe n at 5 169 A) for measuring the orbital elements. The final 
mean orbital elements and 1-cr error bars are in perfect agree- 
ment with the values determined from fitting synthetic compos- 
ite spectra in Se ct.|3.3| and are listed in the bottom section of 
Tableland Table|5J Because the uncertainty in the normalization 
of the observed spectra raises towards the blue edge of the spec- 
tra, we restricted our spectral decomposition to the wavelength 
range with A > 4050A. It is well-known that spectral disentan- 
gling in Fourier space suffers from undulations in the resulting 
decomposed spectra (see, e.g., |Hadrava|1995"||Ilijic et al.|2004) >. 



Parameter 


KIC 6352430 A 


KIC 6352430 B 


From fitting synthetic spectra 


P(days) 


26.551 ± 


0.019 


To (BID) 


2455 486.518 + 


0.501 


e 


0.370 + 


0.003 


ft»C) 


148.755 ± 


0.587 


y(kms~') 


-24.838 ± 0.342 


-24.530 + 0.211 


S'(kms _1 ) 


-36.595 + 0.571 


83.715 + 0.344 


o- _ c (kms _1 ) 


1.976 


0.412 


Msin 3 i OTb (Mo) 


2.673 ± 0.063 


1.168 + 0.041 


a sin i mh (Rq) 


17.842 ± 0.299 


40.816 + 0.215 


1 


0.437 ± 


0.027 


From spectral disentangling 


To (BID) 


2455 486.563 + 


0.021 


e 


0.371 + 


0.003 


«C) 


149.425 ± 


0.359 


K (kms" 1 ) 


-36.411+ 1.569 


83.854 ± 0.403 


Initial estimate from restricted fitting 


r eff (K) 


13000+750 


7500 ± 1000 


logg(cgs) 


4.0 + 0.5 


4.5 ± 0.5 


logZ/Z 


0.0 + 0.5 


-0.5 ± 0.25 


vsini rot (kms -1 ) 


70 + 5 


12 + 4 


Analysis of disentangled spectra 


7W(K) 


12810+200 


6805 ± 100 


logg(cgs) 


4.05 ± 0.05 


4.26 + 0.15 


log Z/Zq 


-0.13 + 0.07 


-0.33 + 0.10 


v sin i rot (km s~ ) 


69.8 ± 2.0 


9.8+ 1.0 


^(kms- 1 ) 


2.0 (fixed) 


2.0 (fixed) 


Spectral type" 


B7V 


F2.5V 


He [-1.11] 


+0.06 + 0.10 




Fe [-4.59] 


-0.25 + 0.10 


-0.30 + 0.10 


Mg[-4.51] 


+0.14 + 0.10 


-0.35 ± 0.20 


Si [-4.53] 


-0.20+0.15 


-0.35 ± 0.30 


Ti [-7.14] 


-0.40+0.35 


-0.25 + 0.15 


Cr [-6.40] 


-0.20+0.35 


-0.10 + 0.20 


Ca [-5.73] 




-0.45 ± 0.25 


Sc [-8.99] 




-0.10 + 0.35 


Mn [-6.65] 




-0.30 + 0.35 


Y [-9.83] 




-0.20 + 0.35 


Ni [-5.81] 




-0.50 ± 0.25 



Notes. We refer to Table|4]for notes and explanation. 



To overcome this problem, we divided our spectra into ~ 50A 
overlapping wavelength regions and corrected continua of the 
resulting decomposed spectra in these short regions using spline 
functions. An exception has been made for wide B aimer lines 
for which the decomposition was done for the entire profile. The 
final, corrected decomposed spectra for each component have 
been obtained by merging all the short and B aimer lines disen- 
tangled intervals. 
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component, (lower panel) Residuals of the secondary compo- 
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Fig. 4. (upper panel) Spectroscopic orbital solution for 
KIC 6352430 (solid line: primary, dashed line: secondary) and 
the measured radial velocities. Filled circles indicate measure- 
ments of the primary, filled triangles denote measurements of the 
secondary component. Observations from 2012 are plotted with 
red symbols, while measurements from 2011 and 2010 are plot- 
ted with magenta and blue markers, respectively, (middle panel) 
Residuals of the primary component, (lower panel) Residuals of 
the secondary component. 



3.6. Fundamental parameters and abundances 

For the analysis of the decomposed spectra, we used the GSSP 
package (Tkachenko et al. 2012 Lehmann et al. 201 1 1. The code 
relies on a comparison between observed and synthetic spectra 
computed in a grid of T e ff, log g, tf t , [M/H], and v sin i, and finds 
the optimum values of these parameters from a minimum in^ 2 . 
Besides that, individual abundances of different chemical species 
can be adjusted in the second step assuming a stellar atmosphere 
model of a certain global metallicity. The error bars are repre- 
sented by 1-cr confidence levels computed from^ 2 statistics. The 
grid of atmosphere models has been computed using the most 



recent version of the LLmodels code (Shul yak et al.|2 004). For 
the calculation of synthetic spectra, we use the UlJi-based code 
SynthV ( [Tsym bal 1996) which allows to compute the spectra 
based on individual elemental abundances. 

The bottom sections of Table|4] and Table[5] list the atmo- 
spheric parameters and elemental abundances for the individ- 
ual stellar components of KIC 493 1738 and KIC 6352430. The 
spectral types and the luminosity classes have been derived by 
interpolating in the tables published by Schmi dt-Kaler| ( |1982| l. 
Fig.lTland Fig.plshow the quality of the observed and disentan- 
gled spectra and their fit for both components of both binary 
systems in different wavelength regions. 




3 4 

Frequency (d M 

Fig. 5. The Scargle periodogram of the O - C values of the pri- 
mary (upper panel) and secondary component (lower panel) of 
KIC 493 1738. The significance levels corresponding to a signal- 
to-noise ratio (calculated in a 3 d" 1 window) of 4, 3.6, and 3 are 
plotted with red solid, dashed, and dot-dashed lines, respectively. 
The peak at 1 . 1040 + 0.0006 d" 1 is marked with a black triangle. 



4. Kepler photometry 

4.1. Data reduction 

Due to the quarterly rolls of the Kepler satellite which are per- 
formed to keep the solar panels facing the Sun along the course 
of the ~ 370 day orbit, the photometric data is delivered in quar- 
ters (Q). Most data are obtained in long-cadence (LC) mode with 
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Fig. 7. Comparison of normalised observed, disentangled and synthetic spectra in different wavelength regions for KIC 493 1738. 
In each panel, the highest signal-to-noise Fies spectrum is plotted with a black solid line shifted upwards by 0.3 flux units, the 
observed and synthetic spectra of the primary component are plotted with blue and red solid lines, respectively, and the observed 
and synthetic spectra of the secondary component are plotted in a similar manner, but shifted downwards by 0.3 flux units. 
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Fig. 6. O - C values of the primary component of KIC 493 1738 
phased with _/_ = 1. 105 147 d -1 . A sinusoidal fit is shown with a 
solid black line. For the explanation of different colours we refer 
toFig.|3] 



an integration time of 29.4 minutes. The characteristics of the 
LC mode are described by Jenki ns et al.| ( 20l0) . In this paper 
we use long-cadence data from Q0 to Q13 (March 2009 to June 
2012), which gives a timebase of slightly over three calendar 
years, which is nearly an order of magnitude longer than the 
one typically provided by CoRoT observations. Q6 and Q10 are 



missing for KIC 493 1738 due to the malfunctioning of Module 
3 of the camera, while Q0 is not available for KIC 6352430. 

Instead of using the standard pre-extracted light curves deliv- 
ered through MAST, we have extracted the light curves from the 
pixel data information using custom masks. Our masks are de- 
termined for each quarter separately, and contain all pixels with 
significant flux. Compared to the standard masks, which contain 
only the pixels with a very high signal to noise ratio, including 
lower signal-to-noise pixels results in light curves with signif- 
icantly less instrumental trends than the standard light curves. 
The automated pixel selection process and the benefits in terms 
of reducing instrumental effects are explained in Bloemen et 
al. (in preparation). Examples of the sets of pixels we used are 
shown in Fig.|9]and Fig. 10 



We have manually removed obvious outliers from the data. 
To correct for the different flux levels of the individual quarters 
(which is a result of the targets being observed by different CCDs 
- modules - of the CCD array after each quarterly roll, having 
slightly different response curves and pixel masks) we have di- 
vided them by a fitted second order polynomial. As after these 
initial steps there were no clear jumps or trends visible anymore, 
we merged the quarters and used the resulting datasets in our 
analysis. 

4.2. Frequency analysis 

To derive the frequencies present in the light variation of the 
targets we performed an iterative prewhitening procedure whose 
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Fig. 8. Comparison of normalised observed, disentangled and synthetic spectra in different wavelength regions for KIC 6352430. 
In each panel, the highest signal-to-noise Hermes spectrum is plotted with a black solid line shifted upwards by 0.2 flux units, the 
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and synthetic spectra of the secondary component are plotted in a similar manner, but shifted downwards by 0.2 flux units. 
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Fig.9. Pixel mask for the Q8 data of KIC 4931738. The light 
curve is plotted for every individual pixel that was downloaded 
from the spacecraft. The value in every pixel as well as the back- 
ground colour, indicate the signal to noise ratio of the flux in the 
pixel. The pixels with green borders were used to extract the 
standard Kepler light curves. We have added the yellow pixels 
(significant signal is present) in our custom mask for the light 
curve extraction. This results in a light curve with significantly 
less instrumental effects than the standard extraction. 



description is already given by Degro ote et al.| ( |2009[ l and thus 
omitted here. This provided a list of amplitudes (Aj), frequencies 
(/)), and phases (OA, by which the light curve can be modelled 
via tif frequencies in the well-known form of 



"i 
F(ti) = c + ^Aj sin[27!-(//,- + , 



';)]• 



The prewhitening procedure was stopped when a p value of p 
0.001 was reached in hypothesis testing. 



As shown by Papics et al. (20121 the way one defines the 



significance criteria can strongly affect the final number of ac- 
cepted frequencies in the Fourier-analysis. Here we decided to 
use the classical approach (Breg er et al.|1993" i and measure the 
signal-to-noise value (SNR) as the ratio of a given peak to the 
average residual amplitude in a 3 d~' window around the peak, 
and accept a peak as significant when SNR > 4. We used this set 
of frequencies to model the light curve. 

From the numbers listed in Sect. 14. 31 and Sect. 14.41 it is clear 
that using this criterion, in the lower frequency ranges, the pe- 
riodogram is basically saturated in frequency, which means that 
the average separation of significant peaks is close, or even less 
than the theoretical frequency resolution (within this, two close 
peaks will appear in the periodogram with a frequency which is 
affected by the other peak and vice versa), which is given by the 
|Loumos & Deeming| ( [T978| l criterion of ~ 2.5 /T = 0.0022 d" 1 . 
Even though these peaks meet the classical signal-to-noise cri- 
terion, and they are needed to properly model the light curve, 
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4.3. KiC 4931738 



Fig. 10. Pixel mask for the Q3 data of KIC 6352430, plotted in a 
similar manner to FigM and cut in two parts for better visibil- 
ity. We have not used the blue pixels (not enough flux, typically 
around bright stars where the overflow from saturated pixels was 
less than expected) but have added the yellow pixels (significant 
signal is present) in our custom mask for the light curve extrac- 
tion. Red pixels were flagged as being contaminated by flux from 
a background star and were not used despite the high flux level, 
while black pixels have too many NaN values. 



we must restrict ourselves to a more significant subset of these 
frequencies, to avoid confusion in our tests later on. For this pur- 
pose, we define a selection criterion which requires a peak to 
have SNR > 4 in a Id -1 window to be selected. We will use 
these selected peaks in our tests later on. 

In the following paragraphs we describe the analysis of the 
frequencies found in the Kepler photometry for the two binary 

systems. 



The cleaned and detrended Kepler light curve (see Fig. 1 1 1 con- 
taining 43578 data points covers 1 152.52 days starting from BJD 
2454953.53821024, and has a duty cycle of 77.26% due to the 
two quarter-long gaps caused by the malfunction (and loss) of 
Module 3 during Q4. 

The iterative prewhitening process returned 1784 frequen- 
cies of which 1082 met our significance criteria. The Scargle 
periodogram is shown in Fig. 12 The model constructed using 
this set of frequencies provides a variance reduction of 99.94% 
while bringing down the average signal levels from 213.4— 
135.3-4.5-3.8-3.7 ppm to 2.0-1.9-0.6-0.3-0.4 ppm, measured 
in 2d 1 windows centred around 1, 2, 5, 10, and 20d~', re- 
spectively. Most of the power is distributed between 0.25 and 
2.5 d~': 887 peaks contribute to a total power density (inte- 
gral power of significant peaks normalised with interval width) 
of 4.07 x 10 7 ppm 2 d, while there are only 40 peaks between 
2.5 and 5d _1 (6.22 x 10 3 ppm 2 d), and 25 peaks above 5d _1 
(38.6ppm 2 d). The 130 peaks below 0.25 d~' provide a power 
density of 1.00 x 10 6 ppm 2 d. 262 of these frequencies met the 
selection criterion and are listed in Table lA. ll 

The low frequency signal (especially the lowest frequencies) 
partly comes from minor and unavoidable instrumental trends 
left in the data (not 100% perfect merging of the quarters, long 
term CCD stability issues, guiding issues, etc.), but the other 
part still has a physical origin, most probably granulation noise 
and/or low amplitude pulsations. 

The binary orbital period of 14.197 ± 0.002 days (/ SB2 = 
0.0704374 + 0.0000099 d~') can also be found in the frequency 
analysis of the light curve at 0.070457 ± 0.000014 d~' with an 
amplitude of 264 ± 8 ppm, along with twice the binary orbital 
frequency at 0.140869 ± 0.000016 d~' (216 ± 7 ppm), which are 
the two strongest peaks below 0.25 d~'. The appearance of the 
harmonics is a sign of a slight ellipsoidal modulation. There is no 
sign of eclipses in the light curve phased with the orbital period. 
The light variation due to oscillations is too complicated to be 
prewhitened and interpret the photometric variability due to the 
orbital motion alone. 



4.3.1. Spacings in Fourier space 

In general, the Fourier spectrum is remarkably rich and struc- 
tured. There is a clear comb-like structure between 0.3 and 
2.3 d~', containing alternating regions of high and low ampli- 
tude peak groups. Both these regions and the peak groups within 
them are equidistantly spaced. This can be clearly seen from the 
autocorrelation function of the Scargle periodogram in Fig. 13 



The two highest peaks are situated at 6f = 0.03835081 d anc 
A/ = 0.31799938 d~', and we call these values the small spacing 
(the separation of the peak groups) and large spacing (the separa- 
tion of the high amplitude regions) from here on. The latter also 
appears as a significant frequency in the Scargle periodogram at 
0.318087 ± 0.000016 d~' (221+7 ppm), while the former one is 
responsible for the overall global beating pattern visible in the 
light curve. 

We detect further details from an analysis of the echelle di- 
agram of the 262 peaks which met our selection criterion. The 
echelle diagram constructed with 5f (see Fig. 14 1 shows clear 



groupings of peaks, while the echelle diagram constructed using 
A/ (see Fi g.[T3] > shows well defined vertical ridges. The group- 
ings in Fig. 14 represent the different high amplitude regions of 
the Scargle periodogram. Although the different regions over- 
lap slightly in frequency (the y axis in Fig.[T4~|>, they are still 
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Fig. 11. The full reduced Kepler light curve (black dots, brightest at the top) of KIC 493 1738. The absence of Q6 and Q10 data is 
clearly visible in the regions centred around 580 and 960 days. 



11 



P. I. Papics et al.: Two new binaries with main sequence B-type pulsators from Kepler. 



20000 




-20000 



200 



220 



240 260 

Time (BJD-2454833) 



280 



300 



5000 



E 4000 - 

Q. 

Q_ 

« 3000 

D 
4-; 

9- 2000 



1000 - 



..^,j-...ii.. 



0.0 



1 1.. 



...i^— -Xi — ii^-nfal 



uJLJm 



Ai^.J,^JtUuM^,AM^ 




0.2 



0.4 



0.6 
Frequency (d _1 ) 



<<«& 



^A^iJum. Jtt-^nt 



li 



m. 






itLuuAk^L 



0.8 



1.0 



1.2 



500 



E 400 

Q. 

% 300 

3 

4-J 

"5- 200 

< 



100 - 




UmUJ 



i.li.H 1 ..li.1.1 



khJJhiAAbi^i^M^^Aijff 



LAu 



^LA-.^AjW^Jh^i^.».-.A.. jLJ......*! ....X 



1.4 



1.6 



1.8 2.0 

Frequency (d _1 ) 



2.2 



2.4 



80 

— 70 
Q. 60 

Q_ 

<l 50 

T3 

.-I 40 | 

f 30 I 

< 201 

10 






10 



15 



20 



Frequency (d ') 



25 



Fig. 12. (upper panel) A zoom-in section of the reduced Kepler light curve (black dots, brightest at the top) and residuals (gray dots) 
of KIC 493 1738 after prewhitening with a model (red solid line) constructed using the set of 1082 significant frequencies - see text 
for further explanation, [lower three panels) The Scargle periodogram of the full Kepler light curve (blue solid line) showing the 262 
selected frequencies (red vertical lines). For better visibility, the red lines are repeated in gray in the background, after multiplying 
their amplitude with a factor ten, and the signal from outside the plotted ranges is prewhitened for each panel. 
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Table 6. Fourier parameters (frequencies (/■), amplitudes (Aj), 
and possible linear combination identifications) of peaks having 
a signal-to-noise ratio (SNR) above 10 when computed in a 1 d _1 
window after prewhitening for KIC 4931738. 



0.2 0.3 

Frequency spacing (d 



Fig. 13. Autocorrelation function (red solid line) of the Scargle 
periodogram of KIC 4931738 between and 5d _1 . The two 
strongest peaks are marked with black and grey triangles. 



well separated when we look at the corresponding modulo val- 
ues (the x axis). This means that what we see is not one long 
series of equidistantly spaced peak groups from 0.3 to 2.3 d~\ 
but six separate regions separated by A/. Within these regions, 
peaks in dense groups which have an equal spacing of Sf occur. 



From Fig. 15 it is clear that the latter three regions are 
slightly shifted relative to the first three, as the modulo value 
for the highest peaks in the first three regions is ~ 0.113d~', 
while it is ~ 0.226 d 1 for the last three. Thus the first three re- 
gions are separated by A/ + 0.112833d~' from the second three. 
Given that 2 x A/ + 0.1 12833 d^ 1 = 0.748832 d" 1 equals the 
frequency of the dominant peak in the Scargle periodogram (the 
difference is 0.000026 d , while the Rayleigh-limit of the data 
set is l/T - 0.000868), we interpret the peaks in the three re- 
gions above 1.25 d _1 as low order combinations of peaks which 
can be found in the three regions below 1.25 d _1 . This is con- 
firmed by an automated search for linear combinations using a 
selected subset of the significant frequencies following Papics 
(2012). We restricted the search to second or third order com- 
binations formed by two individual frequencies. Using the same 
amplitude criterion and frequency precision as in Papics (2012), 
looking at the 46 peaks which have SNR > 10 in aid" 1 window 
(see Tablepb, we find none of the strong peaks below 1.2 d 1 to 
be combinations, while almost all above that limit are low order 
combinations. 

For clarity purposes, we have restricted ourselves to the fre- 
quency range from 0.3 to 2.3 d _1 during the explanation of the 
observed pattern. However, further examination of Fig. 14 and 



Fig. 15 reveals that there are at least two more peak regions vis- 
ible above 2.3 d , fitting perfectly into the described structure, 
representing higher order combinations with even lower ampli- 
tudes. 

These observations suggest that we need to interpret the sig- 
nal of the first three regions only. We would like to point out, 
that the observed structure of power in the Fourier domain, such 
as consecutive high amplitude modes with an equal spacing of 
Sf, forming a long continuous series except for two phase shifts 
(in frequency) between the consecutive higher amplitude regions 
which have a spacing of A/, is very similar to the structure 
- even of the amplitudes - of the interference pattern of two 
closely spaced frequencies. 



ID 


/(d- 1 ) 


A (ppm) 


Note 


fi 


0.748806 


4845.9 


13/sB2 - 2/ ro t 


fi 


1.105147 


3788.7 


18/sB2 _ 2/ ro t 


fi 


1.066815 


3701.1 


14/SB2 + 1/rot 


h 


0.824316 


2747.6 


14/SB2 - 2/ rot 


fi 


0.430768 


2309.7 


5/SB2 + 1/rot 


h 


0.746897 


2377.1 


13/sB2 _ 2/ ro t 


fi 


0.785833 


1520.1 


10/SB2 + 1/rot 


A 


0.710397 


1447.8 


9/SB2 + 1/rot 


fi 


1.028388 


1400.7 


17/SB2 - 2/ot 


,/io 


1.104149 


1373.8 


18/sB2 _ 2/ot 


fix 


0.787182 


1177.0 


10/SB2 + 1/rot 


hi 


0.506300 


1222.1 


6/SB2 + 1/ot 


/l3 


0.866086 


756.8 




/l4 


0.750643 


874.3 


13/SB2 - 2/ot 


/is 


0.788076 


797.2 


10/SB2 + 1/rot 


fit 


0.468003 


780.5 


9/sB2 _ 2/ot 


f " 


1.191988 


701.7 




,/is 


0.392532 


686.8 


8/sB2 _ 2/ot 


/« 


0.826217 


631.2 


14/SB2 - 2/o, 


fio 


0.712112 


443.6 


9/SB2 + 1/rot 


fa 


0.785159 


635.0 


10/SB2 + 1/rot 


hi 


1.382161 


499.7 


22/sB2 _ 2/ot 


fa 


0.465986 


527.3 


9/SB2 - 2/ro, 


u 


1.815646 


468.7 


h+h 


fa 


0.480420 


478.3 




fit 


0.471656 


469.7 


9/SB2 _ 2/ ro t 


hi 


1.105772 


403.0 


18/sB2 _ 2/ot 


fit, 


1.230342 


328.2 


/l4 + fa 


fis 


2.133550 


305.4 


h + h 


ho 


1.497647 


286.1 


h+h 


/, 


1.147825 


285.1 




hi 


1.852782 


233.8 


h + ho 


fa 


2.171871 


153.2 


h + h 


fi* 


1.534805 


151.9 


h+h 


As 


2.209311 


132.9 


h + ho 


fie 


1.892722 


86.0 


fi + fu 


fii 


4.420396 


81.6 


3/2 +/.0 


fii 


1.928587 


81.1 


h + ho 


fi 9 


2.297335 


57.9 


h + hi 


/to 


2.258822 


56.9 


fi + hi 


fix 


3.123140 


36.6 


h + 2/9 


hi 


3.238734 


27.2 


fi + 2/ 3 


hi 


3.940221 


19.5 


2/o + 2/ 13 


,/44 


4.754004 


12.3 


3/io + 3/ 25 


fa 


12.868686 


7.5 




fm 


19.256448 


6.8 





Notes. For a complete table of frequencies and their errors see 
Table|A.l] while there is further explanation given in the text. 



4.3.2. Seismic interpretation 

It is common practice to obtain the short-time Fourier transform 
(STFT) of the light curve to perform a time-frequency analysis 
of the data set (see, e.g., Degroote 2010). This is done by calcu- 
lating the discrete Fourier transform (DFT) of consecutive win- 
dowed subsets of the data (we used rectangular windows to max- 
imise the frequency resolution) over the full timebase of the ob- 
servations, and comparing these consecutive DFTs to each other 
to see if frequencies, amplitudes, or phases show temporal evo- 
lution. The STFT in Fig. 16 shows that all frequencies are stable 
over time, which would be atypical for any kind of stochastic ex- 
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Fig. 14. Echelle diagram of the selected peaks in the frequency 
analysis of KIC 493 1738 shown between and 3 d _I calculated 
using 6f. Size and colour of the symbols are connected with the 
amplitude of the peaks (larger symbol and colour from blue to 
red is higher amplitude). 
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Fig. 15. Echelle diagram of the selected peaks in the frequency 
analysis of KIC 493 1738 shown between and 5 d _I calculated 
using A/, plotted in a similar manner to Fig. [14] 



citation mechanism. Also, although all large amplitude peak re- 
gions show a very dense fine structure (e.g., f\ —fa » 0.0019 d _1 , 



slightly above the Rayleigh limit, but not meeting the Loumos & 
[Deeming criterion), comparing the frequency analysis of the first 
half of the data set to the one of the second half, we see that even 
these structures are stable over time. This leaves us with two op- 
tions: either the oscillations are excited by tidal forces (which is 
suggested by the structure in the periodogram along with the rel- 
atively close orbit and significant eccentricity), or internally by 
the /(-mechanism, which is the basic mechanism in pulsating B- 
type stars on the main sequence (J3 Cep and SPB stars, see, e.g., 
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Fig. 16. Short-time Fourier transformation of the region of dom- 
inant oscillation modes (from 0.25 to 1.25 d _1 ) in the amplitude 
spectrum (window width of 120 d), white voids correspond for 
those intervals where the duty cycle was less than 80%. 



In SPB stars one expects that heat-driven g modes of the 
same low degree and of consecutive high radial order are 
equidistant in period space. We made a compatibility check to 
see if models having similar parameters to the primary compo- 
nent would show spacings similar to the measured ones. For this 
test we used the 4 strongest peaks around 0.75 d _1 , and com- 
pared their period spacings to the mean spacing values of / = 1 
and I 



Pamyatnykh 1999). Independently of the excitation mechanism, 



the observed frequencies are in the range of g modes. 



2 modes (Dupret 2001) from models ( Scuflaire et al 
2008). We found (see Fig.[T7]> that the mean period spacing of 
I - \ modes is compatible with the measured spacing of the 4 
peaks in question. However, we cannot explain the period spac- 
ing of the high amplitude peaks around 0.43 d ' and 1.07 d -1 , 
which have a value a factor of ~ 3 and ~ 0.5, while having the 
same, equal spacing in frequency. 

Depending on the orbital parameters and the eigenfrequen- 
cies of the components, pulsation modes can be excited by 
tidal forces. In such case the forcing frequencies of the tide- 
generating potential, 

h = k fsm + mftou 
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Fig. 17. The mean period spacing of / = 1 modes (averaged 
over a large range of radial orders) from models (Z = 0.01, 
a m - 0.2, X - 0.7) within 4<x of the derived fundamental 
parameters compared to the spacing values of the 4 strongest 
modes of KIC 493 1738 around 0.75 d _1 plotted against r e ff (up- 
per left) and logg (upper right). The scatter in median spacing 
values around the diagonal in the first panel is caused by the 
shape of the period spacings (the number and depth of dips in the 
Ap(p) function). A black cross marks the observed mean spac- 
ing and the T e ff and log g value determined from spectroscopy, 
with the extents denoting the spread in the measured spacing val- 
ues and the estimated error in the observed fundamental param- 
eters. Colour represents the mass in units of solar mass, (lower 
panel ) The normalised selected peaks from the periodogram of 
KIC 493 1738 are plotted in a similar manner than in Fig. 12 
with the theoretical frequencies from a selected model (which 
is marked with a red asterisk on the upper panels) marked by tri- 
angles: / = 1 modes are plotted in the top row, while I - 2 modes 
are plotted in the bottom, and frequencies expected to be excited 
are marked by filled symbols. 



with k, m e Z, must come into resonance with the free oscillation 
frequencies of the components. Thus we expect to see structure 
in the echelle diagram calculated using /sb2- Indeed, this is the 
case here. Fig.[l8]shows two clear (but not exactly sharp) ridges 
for the strongest peaks in the three large amplitude regions. The 
lowest possible k, m combinations are the most probable, so we 
tried to find an optimal rotation period, which provides a fre- 
quency pattern matching the observed one. 

The two simplest choices to reproduce the frequency pat- 
tern occur for m - 1,-2 combinations and / rot = (1/6)/sb2 
or /rot = (7/6)/sb2- The first value of f mt is incompatible with 
the measured projected rotational velocity vsinz rot = v m in = 
10.5 + l.Okms -1 , as it would require a star with a radius of at 
least 17.7 Rq, which is significantly higher than what is possible 
for stars in this log g - T e ff range. The second value is compat- 
ible with the v sin / 10t measurement, as such rotation frequency 
would set the radius at 2.53 Rq/ sin z rot . As a rough comparison, 
models displayed in Fig. [17] have a median radius of 3.16 Rq, 
which would translate into an z rot of ~ 53°. These models have 
a median mass of 3.7 Mq, which, using the Al sin 3 / or b value 
from Table|4] gives an / 01 b of ~ 62°. The fact that / lot and z or b are 
close estimates, illustrates that the suggested / rot = (7/6)/sb2 
is compatible with both the observations and the model. Using 
/rot = (7/6)/sb2 and m = 1,-2 we can reasonably match al- 
most all peaks in Table[6] which were not identified as linear 
combinations before in Sect. 4.3.1 The observed peaks have 
an average absolute deviation of 0.002669 d _I from the exact 
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Fig. 18. Fchelle diagram of the selected peaks in the frequency 
analysis of KIC 4931738 shown between and 5 d _1 calculated 
using /sb2> plotted in a similar manner to Fig. 14 



tidal frequencies. This is ~ 3.3 times lower than what is ex- 
pected ((1/8)/sb2) for a random distribution of frequencies and 
the suggested model, and only 3 times higher than the Rayleigh 
frequency. Those very few peaks, which cannot be matched in 
Table[6] are interpreted as excited free oscillation modes of the 
primary. We note here, that we see no sign of rotational modula- 
tion in the light curve. 

There are a couple of weak peaks at higher frequencies (see 
Table A. 1 1, which cannot be explained or matched using linear 



combinations, thus we interpret them as low amplitude p modes. 



4.4. KIC 6352430 



The cleaned and detrended Kepler light curve (see Fig. 19 1 con- 
taining 5 1903 data points covers 1 141 .54 days starting from BJD 
2454964.51 190674 with a 92.91% duty cycle. 

The iterative prewhitening procedure returned 1784 frequen- 
cies of which 1 175 met our significance criteria. The Scargle pe- 
riodogram is shown in Fig. [20] The model constructed using this 
set of frequencies provides a variance reduction of 99.97% while 
bringing down the average signal levels from 216.6-217.0-4.5- 
3.6-3.2 ppm to 1.5-1.4-0.6-0.5-0.2 ppm, measured in 2d" 1 
windows centred around 1, 2, 5, 10, and 20d~', respectively. 
Most of the power is distributed between 0.25 and 2.5 d -1 : 785 
peaks contribute to a total power density of 4.83 x 10 7 ppm 2 d, 
while there are 107 peaks between 2.5 and 5d~' (2.55 x 
10 5 ppm 2 d), and 149 peaks above 5 d~' (1.20 x 10 3 ppm 2 d). The 
134 peaks below 0.25 d~' provide a power density of 1.2 5 x 



10 6 ppirrd, and the statement on the low frequencies in Sect. |4.3 
is valid here as well, i.e., one part of this power comes from 
small and unavoidable instrumental trends left in the data, while 
the other part has a physical origin, and most probably related 
to granulation noise and/or low amplitude pulsations. 555 of the 
significant frequencies met the selection criterion and are listed 
in Table[A2] 

The binary orbital period of 26.551 + 0.019 days (/sb2 = 
0.037663 ± 0.000027 d" 1 ) can also be found in the frequency 
analysis of the light curve at 0.037698 ± 0.000010 d" 1 with an 
amplitude of 285 ± 6 ppm, along with four of its harmonics 
with amplitudes of 197 ± 5 ppm, 108 + 4 ppm, 69 ± 3 ppm, and 
38 ± 2 ppm, for 2/sb2, 3/sb2, 4/sb2, and 5/sb2, respectively. The 
appearance of the harmonics is a sign of a slight ellipsoidal 
modulation. These are some of the most significant frequencies 
below 0.25 d~'. There is no sign of eclipses in the light curve 
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phased with the orbital period. The light variation due to oscilla- 
tions is too complicated to be prewhitened with the aim to inter- 
pret the photometric variability due to the orbital motion alone. 

4.4.1. Spacings in Fourier space 

The Fourier spectrum is dominated by two very strong and four 
medium peaks between 1 and 1.6d _1 . The frequency difference 
of the two dominant peaks creates the ~ 6.8 day beating pattern 
which dominates the light curve. There is another group of peaks 
clearly standing out from the rest in amplitude between 2.6 and 
3.1 d -1 , these are mostly low order combinations of the strongest 
peaks between 1 and 1.6 d 1 . Negative combinations (where - in 
the simplest case - the frequency of the combination peak is not 
the sum, but the difference of the two parent peaks) of the three 
strongest modes occur below 0.25 d _1 . 

The clear presence of both positive and negative combi- 
nations is also shown by an automatic combination frequency 
search, similar to the one we have used in Sect. |4.3.T] but now 
looking at the 29 peaks having an SNR > 20 (see TablelTli, 
and using a slightly different set of parameters to, e.g., allow 
for negative combinations. The use of a higher signal-to-noise 
cutoff - which was required to reach a similar limited sample 
as in Sect. l4.3.T1 - was needed because of the different distribu- 
tion of the frequencies and amplitudes of the most significant 
peaks. This test not only confirms the presence of various com- 
bination frequencies, but also shows that there are several inde- 
pendent modes present in higher frequency regions, unlike in the 
frequency spectrum of KIC 493 1738. 

Although it is not as strikingly clear as for KIC 4931738, 
the periodogram of KIC 6352430 also shows spacings in fre- 
quency. As the autocorrelation function is heavily dependent on 
the amplitudes, the presence of two strong peaks requires a dif- 
ferent approach than for KIC 493 1738. We checked the distribu- 
tion of frequency differences for all possible frequency pairs in 
both the low and high frequency region (see Fig.|2T]and Fig. [22"}. 
This method returns two small spacing values, 5\f = 0.157 ± 
0.001 d _1 (more dominant in the lower frequency region), and 
5if = 0.102±0.001 d _1 (more dominant towards higher frequen- 
cies), and two large spacing values, A t f = 1.361 ± 0.001 d _1 , 
and A 2 f - 1.519 ± 0.001 d~\ both visible in the full frequency 
range, but dominant in the high frequency region. These spacing 
values seem to be connected to frequency values and differences, 
as 6if =f 2 -fi = 0.157086 d"\ S 2 f = fs -/i = 0.102088 d" 1 , 
Ai/ = /i = 1.361640d- 1 ,andA 2 / = / 2 = 1 .5 18726 d" 1 . 

Looking at the echelle diagram constructed with 5\f (see 



Table 7. Fourier parameters (frequencies (/_,-), amplitudes (Aj), 
and possible linear combination identifications) of peaks having 
a signal-to-noise ratio (SNR) above 20 when computed in a 1 d _1 
window after prewhitening for KIC 6352430. 



Fig. 23 i or 8%f (see Fig. 24 1 of the 555 peaks which met our se- 
lection criterion, we can see vertical ridges of not only two, but 
several equidistantly spaced frequencies: Ai/ and A2/ dominate 
in the pure p mode regime, which looks similar to, but more pro- 
nounced than in the case of HD 50230 (Degroo te et al.||2012) . 
The frequency pairs in Fig. 25 show a clear pattern in the region 
above 6 d 1 , where the equally spaced frequencies seem to create 
a quasi continuous series of peaks. 



4.4.2. Seismic interpretation 

The echelle diagram calculated using /sb2 shows no structure at 
all, which suggests that the oscillations have no connection to the 
binary nature of the star. Typical for heat-driven oscillations in B 
stars, all modes are stable over time. Not surprisingly, we see g 
mode oscillations in the low frequency regime (characteristic of 
SPB stars), but the high frequency region is remarkable. We ob- 



ID 


/(d- 1 ) 


A (ppm) 


Note 


f 


1.361690 


7478.7 




f? 


1.518726 


6574.6 




h 


1.463729 


2271.3 




h 


1.047486 


959.5 


3/i - 2/2 


f$ 


1.173030 


893.9 




h 


1.284234 


711.4 




fi 


2.982459 


590.3 


h + h 


h 


0.465004 


570.2 




h 


1.754439 


400.1 


2/3 - h 


./hi 


0.997712 


341.2 




fu 


2.880422 


342.5 


h + h 


fn 


0.037698 


285.4 


/sB^ 


fn 


0.157032 


253.8 


h-fi 


fu 


3.821662 


247.3 




fw 


3.086319 


193.7 




f,6 


3.246498 


139.5 




f\i 


2.691767 


138.6 


h + h 


./is 


5.713156 


95.9 


3/6 + 4/ 8 


/l9 


2.723390 


86.0 


2/1 


ho 


3.037473 


57.6 


2/2 


fa 


10.027681 


43.9 




hi 


11.515490 


37.7 




hi 


5.611949 


29.5 




fa 


5.446646 


26.0 


4/, 


fa 


14.340933 


24.4 


2/io + 4/is 


he 


11.576811 


24.1 




hi 


8.562751 


20.9 




ha 


13.034207 


16.0 


h + hs. 


hs 


15.702644 


12.9 





Notes. For a complete table of frequencies and their errors see 
TablerOl 



serve pulsation signal with frequencies and frequency spacings 
typical for p modes, but which are not expected to be excited 
by theory in this relatively low temperature range near 13 000 K, 
and were not seen in any of the well analysed B stars. We can 
exclude that this signal is coming from the secondary, as - be- 
yond the big difference in luminosity - the frequency spacings 
are connected to strong pulsation modes seen in the g mode re- 
gion of the primary. 

We interpret the signal in the p mode region as a result of 
nonlinear resonant mode excitation due to the high-amplitude g 
modes. This explanation is suggested by the fact that the fre- 
quency spacing values in this region match the two highest am- 
plitude g modes, and also by the richness of the frequency spec- 
trum in low order combination frequencies. This could explain 
the appearance of all four observed spacing values. A com- 



patibility check similar to the one we have done in Sect. 4.3.2 
showed that the excited peaks fall in the low frequency end of 
the region where eigenfrequencies of low order low degree p 
modes are situated, and that the frequency spacings are compat- 
ible with the observed ones. 

Similar nonlinear effects are expected to be seen in large- 
amplitude nonradial oscillators (e.g., Buchl eret al.|19 97), such 
as white dwarfs (e .g., |Fo ntaine & Brassard 20081, 6 Set stars 
(e.g., Breger et al. 2005 ), and fi Cep variables (e.g., |Degroote] 
et al. 2009 1 Briquet et al. 2009 ), but excitation of modes in the p 
mode regime through resonant coupling with dominant g modes 
were, as far as we are aware, not yet observed before in SPBs. 



16 



P. I. Papics et al.: Two new binaries with main sequence B-type pulsators from Kepler. 




Frequency spacing (d ' ) 

Fig. 21. Histogram of the distribution of frequency pairs between 
the 368 selected peaks in the frequency analysis of KIC 6352430 
situated between and 4d~'. The histogram with a bin width of 
2.5 /7 is plotted with red, while the histogram with a bin width of 
1 IT is plotted with a black solid line. The spacing 6\f is marked 
with a black triangle, while A;/ and A2/ are marked with grey 
triangles. 



30 



20 




,11,1 l ill 



II 



LJj llliLILLlL. ..,..„.. Jll l ,ii....ULi ^U.i,. 



10 



0.0 0.5 1.0 1.5 2.0 

Frequency spacing (d ') 

Fig. 22. Histogram of the distribution of frequency pairs between 
the 187 selected peaks in the frequency analysis of KIC 6352430 
situated above 4d~'. The histogram with a bin width of 2.5/7' is 
plotted with red, while the histogram with a bin width of 1/7 
is plotted with a black solid line. The spacing c^/ is marked 
with a black triangle, while A;/ and A2/ are marked with grey 
triangles. 



5. Conclusions 

Our observational study is the first detailed asteroseismic analy- 
sis of main sequence B-type stars by means of more than three 
years of Kepler space photometry and high-resolution ground 
based spectroscopy. It led to the classification and detailed de- 
scription of two SB2 binary systems. The derived observational 
binary and seismic constraints provide suitable starting points 
for in-depth seismic modelling of the two massive primary stars. 
The first system, KIC 493 1738 is a binary consisting of a 
B6 V primary and a B8.5 V secondary, both slow rotators on the 
main sequence, with an orbital period of 14. 197 + 0. 002d and an 
eccentricity of 0.191 ± 0.001. The observed pulsation spectrum 
is consistent with tidally excited g modes in the primary com- 
ponent. Tidal excitation of pulsation modes was observed only 
in a few unevolved main-sequence binaries before, e.g., by|De 
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Fig. 23. Echelle diagram of the selected peaks in the frequency 
analysis of KIC 6352430 shown between and 4 d _1 calculated 



using 5\f, plotted in a similar manner to Fig. 14 
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Cat et al. (2000), Willems & Aerts (2002), Handler et al. (2002), 
[Maceroni et al.| ( |2009| l, and |Welsh et al.| ( |2011| i. 

The second system, KIC 6352430 is multiple system with 
two observed components, a moderate rotator main sequence 
B7 V primary and a slow rotator F2.5 V secondary contribut- 
ing less than 10% of the total light, with an orbital period of 
26.551 + 0.019 d and an eccentricity of 0.370 + 0.003. The pri- 
mary star shows typical g mode SPB pulsations, but in addition 
we detect a rich spectrum of modes in the p mode region, atyp- 
ical for such a low temperature SPB star. As these modes are 
not expected to be excited by the k mechanism at this tempera- 
ture, we explain their presence by nonlinear resonant excitation 
by the two dominant g modes, as supported by the observed high 
number of combination frequencies exhibiting four main spac- 
ing values, which are all connected to these g-mode frequencies. 
Such excitation was not observed before in any SPB star. 

In our next paper we will analyse the 6 single B-type pul- 
sators from the sample described in Sect.|2]and followed-up be 
Kepler through our Kepler GO programme. 
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Fig. 19. The full reduced Kepler light curve (black dots, brightest at the top) of KIC 6352430. 
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Appendix A: Tables 



P. I. Papics et al.: Two new binaries with main sequence B-type pulsators from Kepler., Online Material p 2 

Table A.l. Fourier parameters (frequencies (fj), amplitudes (Aj), and phases (Gj)) of the selected peaks having a signal-to-noise ratio (SNR) above 
4 for KIC 493 1738 when computed in a 1 d _1 window after prewhitening. The displayed SNR values are calculated in a window of 1 d~' or 3 d _1 
centred on the given frequency, or from the full periodogram (from d _1 to 24.47 d _1 ). A complete list of all significant frequencies is available 
upon request. 
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0.000017 


223.6 


6.9 


0.4728 


0.0346 


6.3 


20.7 


62.8 


0.543686 


0.000024 


96.8 


4.6 


0.4903 


0.0497 


4.3 


12.8 


38.3 


0.556383 


0.000017 


167.8 


6.1 


-0.4673 


0.0359 


6.2 


19.2 


58.1 


0.558230 


0.000023 


100.8 


4.9 


0.4833 


0.0483 


4.4 


13.4 


40.1 


0.574714 


0.000023 


96.8 


4.8 


-0.0346 


0.0471 


4.5 


13.6 


40.7 


0.578028 


0.000023 


102.4 


4.8 


-0.0808 


0.0487 


4.4 


13.2 


39.6 


0.585110 


0.000012 


390.4 


9.8 


-0.0763 


0.0260 


9.0 


29.8 


89.2 


0.585887 


0.000024 


92.7 


4.6 


0.4325 


0.0501 


4.2 


12.7 


38.0 


0.586701 


0.000016 


218.9 


7.4 


-0.3353 


0.0339 


6.4 


21.5 


64.8 


0.593220 


0.000023 


94.7 


4.7 


-0.4809 


0.0486 


4.4 


13.2 


39.5 


0.595178 


0.000016 


186.9 


6.7 


-0.0565 


0.0339 


6.5 


20.8 


63.3 


0.598672 


0.000024 


95.8 


4.6 


-0.4453 


0.0506 


4.2 


12.5 


37.5 


0.616216 


0.000021 


123.0 


5.4 


0.4078 


0.0440 


4.8 


15.1 


45.6 


0.621724 


0.000018 


148.4 


5.7 


-0.1497 


0.0383 


5.5 


17.6 


53.3 


0.623062 


0.000023 


101.8 


5.0 


-0.4317 


0.0486 


4.3 


13.4 


40.2 


0.623925 


0.000016 


231.2 


6.3 


-0.2684 


0.0340 


6.4 


20.4 


61.8 


0.660699 


0.000012 


455.3 


10.2 


-0.3455 


0.0245 


9.3 


32.1 


96.1 


0.661311 


0.000022 


113.7 


5.2 


0.3830 


0.0463 


4.5 


14.1 


42.7 


0.662152 


0.000013 


341.2 


8.8 


-0.2680 


0.0273 


8.2 


27.4 


82.2 


0.675754 


0.000013 


351.1 


9.5 


-0.0743 


0.0263 


8.7 


29.3 


87.9 


0.680761 


0.000021 


121.4 


5.3 


0.1787 


0.0443 


4.7 


14.9 


45.1 


0.688132 


0.000025 


87.4 


4.4 


0.3153 


0.0518 


4.1 


12.1 


36.2 


0.706210 


0.000015 


263.5 


7.9 


-0.4520 


0.0310 


6.9 


23.9 


72.1 


0.710397 


0.000007 


1447.8 


19.9 


0.3859 


0.0139 


17.6 


68.3 


198.0 
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Table A.l. continued. 



/(d" 1 ) 


6,(0 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRClcT'^d 


~\ Ml) 


0.711093 


0.000015 


268.1 


7.7 


-0.3582 


0.0324 


6.6 


22.7 


68.3 


0.712112 


0.000010 


443.6 


11.9 


0.3617 


0.0217 


11.0 


38.1 


114.9 


0.714188 


0.000017 


186.3 


6.2 


-0.2459 


0.0346 


6.1 


19.9 


60.4 


0.718652 


0.000013 


329.3 


8.4 


0.3020 


0.0278 


7.8 


26.8 


80.7 


0.724095 


0.000016 


196.2 


6.5 


0.0322 


0.0333 


6.3 


21.0 


63.9 


0.746897 


0.000005 


2377.1 


22.6 


0.3516 


0.0097 


25.0 


100.2 


284.2 


0.747612 


0.000013 


396.9 


9.2 


-0.4191 


0.0271 


8.1 


28.0 


84.3 


0.748244 


0.000018 


148.3 


6.0 


0.4601 


0.0369 


5.7 


18.5 


55.9 


0.748806 


0.000004 


4845.9 


40.5 


0.1864 


0.0079 


33.4 


138.0 


371.3 


0.749432 


0.000024 


84.5 


4.4 


0.0297 


0.0510 


4.1 


12.3 


36.8 


0.750643 


0.000009 


874.3 


14.4 


-0.4136 


0.0179 


13.1 


48.9 


146.5 


0.751245 


0.000021 


125.1 


5.5 


-0.1311 


0.0431 


4.8 


15.5 


47.0 


0.783687 


0.000020 


141.5 


5.6 


0.0358 


0.0409 


5.1 


16.5 


49.9 


0.785159 


0.000010 


635.0 


11.7 


0.1432 


0.0213 


10.9 


38.2 


115.3 


0.785833 


0.000006 


1520.1 


21.0 


-0.1962 


0.0126 


19.4 


77.0 


221.2 


0.786498 


0.000016 


196.6 


6.7 


-0.4545 


0.0340 


6.1 


20.8 


63.2 


0.787182 


0.000006 


1177.0 


16.6 


-0.4940 


0.0136 


17.6 


66.9 


196.0 


0.788076 


0.000009 


797.2 


13.9 


-0.4624 


0.0182 


12.9 


47.6 


143.4 


0.789114 


0.000023 


92.8 


4.7 


0.2766 


0.0487 


4.3 


13.1 


39.2 


0.789940 


0.000022 


124.8 


5.3 


0.0532 


0.0452 


4.6 


14.7 


44.3 


0.823794 


0.000016 


154.6 


6.8 


-0.3230 


0.0342 


6.2 


20.9 


63.3 


0.824316 


0.000005 


2747.6 


27.6 


-0.0901 


0.0096 


26.4 


105.7 


296.8 


0.824856 


0.000023 


122.1 


5.0 


0.4211 


0.0486 


4.4 


13.4 


40.2 


0.826217 


0.000010 


631.2 


12.2 


-0.4150 


0.0205 


11.6 


40.8 


123.0 


0.826842 


0.000016 


182.6 


7.3 


-0.1381 


0.0337 


6.4 


21.4 


64.7 


0.827865 


0.000023 


129.3 


5.0 


-0.3365 


0.0474 


4.5 


13.8 


41.4 


0.833704 


0.000015 


240.8 


7.6 


0.4781 


0.0321 


6.8 


22.8 


68.7 


0.835010 


0.000023 


99.9 


4.8 


-0.3486 


0.0486 


4.4 


13.3 


39.8 


0.864171 


0.000015 


212.4 


6.4 


-0.2263 


0.0313 


6.9 


22.2 


67.5 


0.865111 


0.000012 


429.8 


10.0 


0.1794 


0.0247 


9.2 


31.6 


94.6 


0.866086 


0.000009 


756.8 


14.9 


0.1613 


0.0184 


13.1 


48.1 


143.0 


0.866706 


0.000016 


233.5 


6.5 


0.3671 


0.0335 


6.4 


20.9 


63.2 


0.867478 


0.000025 


82.1 


4.3 


0.3909 


0.0531 


4.1 


11.8 


35.1 


0.873585 


0.000016 


229.0 


7.4 


0.3691 


0.0331 


6.7 


22.1 


66.6 


0.912278 


0.000013 


310.9 


8.6 


-0.2120 


0.0276 


8.4 


27.0 


81.2 


0.945874 


0.000039 


33.2 


2.6 


-0.0488 


0.0806 


5.0 


6.8 


19.1 


0.956457 


0.000021 


124.9 


5.4 


-0.0850 


0.0437 


5.4 


15.3 


46.1 


0.995456 


0.000028 


69.5 


4.0 


-0.4104 


0.0581 


4.2 


10.6 


31.4 


1.012127 


0.000025 


81.6 


4.3 


-0.1324 


0.0528 


4.8 


11.8 


35.3 


1.027679 


0.000019 


123.2 


5.7 


0.0766 


0.0394 


6.5 


17.1 


51.7 


1.028388 


0.000006 


1400.7 


18.7 


0.2002 


0.0134 


21.5 


69.6 


202.6 


1.029020 


0.000013 


348.5 


8.9 


0.4804 


0.0271 


9.8 


27.8 


83.6 


1.029712 


0.000023 


117.4 


5.1 


-0.2884 


0.0475 


5.3 


13.8 


41.5 


1.030435 


0.000028 


69.8 


4.0 


0.4975 


0.0582 


4.4 


10.6 


31.3 


1.034285 


0.000016 


205.1 


7.1 


-0.2629 


0.0334 


7.9 


21.6 


65.3 


1.065157 


0.000015 


247.7 


7.8 


-0.0016 


0.0313 


8.8 


23.5 


70.8 


1.066815 


0.000004 


3701.1 


30.8 


0.4961 


0.0081 


36.5 


124.7 


344.4 


1.067615 


0.000023 


136.4 


5.1 


0.1416 


0.0482 


5.4 


13.6 


41.0 


1.068692 


0.000023 


116.5 


5.1 


0.2811 


0.0478 


5.5 


13.7 


41.2 


1.102720 


0.000025 


82.5 


4.4 


0.3915 


0.0530 


5.0 


11.8 


35.2 


1.104149 


0.000006 


1373.8 


17.7 


0.1281 


0.0136 


22.5 


67.8 


197.8 


1.105147 


0.000004 


3788.7 


35.8 


-0.2264 


0.0090 


34.3 


118.7 


324.6 


1.105772 


0.000013 


403.0 


9.7 


-0.1512 


0.0265 


10.5 


29.0 


87.1 


1.106453 


0.000022 


117.9 


5.2 


-0.1754 


0.0466 


4.5 


14.1 


42.6 


1.107089 


0.000032 


53.6 


3.4 


-0.2207 


0.0663 


4.0 


8.9 


25.8 


1.121432 


0.000024 


90.4 


4.5 


-0.4141 


0.0510 


5.3 


12.4 


37.1 


1.142402 


0.000023 


95.0 


4.7 


-0.4767 


0.0490 


5.7 


13.0 


39.0 


1.147825 


0.000014 


285.1 


8.2 


0.0473 


0.0293 


10.5 


25.5 


76.7 


1.158626 


0.000030 


59.3 


3.6 


0.3324 


0.0621 


4.5 


9.7 


28.3 


1.179568 


0.000018 


203.1 


6.1 


-0.2647 


0.0367 


8.2 


18.7 


56.6 


1.181804 


0.000018 


158.5 


5.8 


-0.4348 


0.0385 


7.9 


17.6 


53.3 
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Table A.l. continued. 



/(cT 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRUd-'^d 


- 1 , full) 


1.191988 


0.000009 


701.7 


13.0 


-0.4054 


0.0184 


17.9 


45.7 


138.5 


1.192593 


0.000025 


88.3 


4.5 


0.3945 


0.0515 


5.7 


12.2 


36.6 


1.216501 


0.000025 


82.3 


4.4 


0.4642 


0.0530 


5.6 


11.8 


35.2 


1.217192 


0.000034 


45.7 


3.3 


0.2055 


0.0706 


4.1 


8.2 


23.8 


1.229967 


0.000030 


60.4 


3.8 


-0.3132 


0.0621 


4.8 


9.8 


28.8 


1.230342 


0.000013 


328.2 


9.0 


0.1878 


0.0274 


12.3 


27.6 


83.1 


1.230925 


0.000021 


125.9 


5.5 


-0.4596 


0.0440 


7.2 


15.3 


46.2 


1.269157 


0.000023 


102.6 


4.9 


-0.1666 


0.0485 


7.0 


13.4 


40.2 


1.292471 


0.000034 


45.6 


3.2 


0.4884 


0.0707 


4.3 


8.2 


23.7 


1.296503 


0.000033 


50.2 


3.3 


0.3163 


0.0688 


4.5 


8.5 


24.7 


1.343116 


0.000029 


63.8 


3.9 


-0.0767 


0.0604 


5.7 


10.1 


30.0 


1.382161 


0.000011 


499.7 


11.4 


-0.2099 


0.0226 


19.3 


35.8 


107.9 


1.384803 


0.000034 


45.9 


3.2 


-0.3227 


0.0710 


4.6 


8.1 


23.6 


1.410943 


0.000032 


50.9 


3.4 


-0.2666 


0.0672 


5.0 


8.8 


25.5 


1.497647 


0.000014 


286.1 


8.3 


-0.2044 


0.0291 


15.9 


25.7 


77.2 


1.534139 


0.000027 


74.6 


4.1 


-0.4691 


0.0563 


7.1 


11.0 


32.6 


1.534805 


0.000019 


151.9 


5.9 


0.3285 


0.0388 


11.3 


17.5 


53.0 


1.538549 


0.000030 


59.2 


3.7 


-0.3167 


0.0628 


6.1 


9.6 


28.2 


1.571116 


0.000029 


63.4 


3.9 


-0.3766 


0.0605 


5.6 


10.1 


29.9 


1.572123 


0.000035 


40.1 


3.0 


-0.2987 


0.0742 


4.9 


7.7 


22.1 


1.573372 


0.000023 


94.0 


4.7 


-0.1304 


0.0489 


8.5 


13.0 


39.1 


1.574920 


0.000027 


72.4 


4.1 


0.0746 


0.0567 


7.3 


10.8 


32.2 


1.585715 


0.000039 


29.9 


2.4 


0.4528 


0.0816 


4.1 


6.6 


18.3 


1.610791 


0.000039 


32.6 


2.5 


0.3418 


0.0806 


4.3 


6.8 


19.1 


1.611702 


0.000038 


33.0 


2.7 


-0.0933 


0.0794 


4.5 


7.0 


19.7 


1.613706 


0.000049 


14.4 


1.5 


0.0508 


0.1031 


4.8 


4.8 


12.0 


1.622516 


0.000039 


28.8 


2.4 


-0.2532 


0.0825 


4.2 


6.6 


18.1 


1.690251 


0.000039 


32.1 


2.5 


-0.0016 


0.0818 


4.5 


6.7 


18.7 


1.702850 


0.000038 


35.5 


2.7 


-0.0949 


0.0785 


4.8 


7.1 


20.1 


1.729510 


0.000040 


28.1 


2.3 


0.2858 


0.0837 


4.4 


6.4 


17.7 


1.741374 


0.000041 


25.6 


2.2 


-0.4846 


0.0866 


4.2 


6.2 


16.8 


1.772982 


0.000042 


23.2 


2.0 


-0.2887 


0.0888 


4.0 


5.9 


15.8 


1.779040 


0.000033 


48.7 


3.3 


0.0071 


0.0690 


6.5 


8.5 


24.7 


1.780820 


0.000037 


36.3 


2.8 


-0.1058 


0.0776 


5.1 


7.2 


20.4 


1.790935 


0.000042 


25.0 


2.1 


-0.1904 


0.0882 


4.1 


6.0 


16.2 


1.811352 


0.000040 


30.9 


2.5 


-0.3685 


0.0827 


4.8 


6.6 


18.4 


1.815646 


0.000011 


468.7 


10.8 


-0.0490 


0.0226 


31.6 


35.5 


106.8 


1.816254 


0.000039 


32.0 


2.6 


-0.1754 


0.0805 


5.0 


6.8 


19.2 


1.817486 


0.000042 


25.2 


2.2 


0.2465 


0.0877 


4.3 


6.1 


16.6 


1.851803 


0.000025 


79.0 


4.2 


-0.4474 


0.0531 


9.6 


11.7 


34.9 


1.852782 


0.000015 


233.8 


7.5 


0.4439 


0.0322 


21.4 


22.7 


68.4 


1.853329 


0.000035 


41.7 


3.0 


-0.4561 


0.0738 


5.8 


7.7 


22.2 


1.856427 


0.000040 


28.1 


2.3 


-0.0747 


0.0834 


4.7 


6.5 


17.8 


1.891262 


0.000039 


31.8 


2.6 


-0.0870 


0.0806 


5.1 


6.8 


19.0 


1.892722 


0.000025 


86.0 


4.5 


0.4899 


0.0519 


10.2 


12.1 


36.2 


1.894578 


0.000039 


30.2 


2.5 


-0.4694 


0.0822 


5.1 


6.7 


18.6 


1.905653 


0.000038 


32.4 


2.7 


-0.0202 


0.0794 


5.3 


7.0 


19.6 


1.928587 


0.000025 


81.1 


4.3 


0.2074 


0.0526 


10.0 


11.9 


35.4 


1.940677 


0.000037 


36.0 


2.8 


0.0622 


0.0774 


5.6 


7.2 


20.5 


1.979288 


0.000031 


53.9 


3.5 


0.4517 


0.0650 


8.0 


9.2 


26.7 


1.993394 


0.000052 


12.8 


1.4 


0.1308 


0.1086 


4.9 


4.5 


11.0 


2.016355 


0.000041 


25.6 


2.2 


-0.1711 


0.0866 


4.9 


6.2 


16.8 


2.090501 


0.000046 


19.4 


1.8 


-0.2580 


0.0957 


4.2 


5.4 


13.9 


2.095169 


0.000038 


34.4 


2.7 


-0.0369 


0.0789 


6.0 


7.1 


19.9 


2.129021 


0.000038 


35.4 


2.8 


0.4141 


0.0785 


6.3 


7.1 


20.1 


2.133550 


0.000013 


305.4 


8.5 


0.2412 


0.0277 


30.7 


26.9 


81.1 


2.171871 


0.000019 


153.2 


5.9 


0.0721 


0.0387 


19.4 


17.5 


53.0 


2.182209 


0.000046 


18.4 


1.8 


0.3439 


0.0959 


4.4 


5.3 


13.8 


2.208348 


0.000047 


17.8 


1.7 


0.4649 


0.0978 


4.4 


5.2 


13.4 


2.209311 


0.000020 


132.9 


5.6 


0.1007 


0.0419 


18.7 


15.9 


48.2 


2.246554 


0.000045 


21.0 


2.0 


-0.1546 


0.0933 


4.9 


5.6 


14.7 



P. I. Papics et al.: Two new binaries with main sequence B-type pulsators from Kepler., Online Material p 5 
Table A.l. continued. 



/(cT 1 ) 


e/Cd" 1 ) 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRUcT'^d 


"\ Ml) 


2.258822 


0.000030 


56.9 


3.6 


0.3129 


0.0630 


10.1 


9.5 


27.8 


2.297335 


0.000030 


57.9 


3.7 


-0.3991 


0.0628 


11.0 


9.6 


28.3 


2.321872 


0.000039 


28.7 


2.4 


0.4354 


0.0824 


6.7 


6.6 


18.1 


2.372770 


0.000034 


45.6 


3.2 


0.1330 


0.0707 


10.0 


8.2 


23.7 


2.399434 


0.000048 


15.9 


1.6 


-0.2550 


0.0997 


4.6 


5.1 


12.7 


2.410332 


0.000045 


20.2 


1.9 


0.3799 


0.0935 


5.4 


5.5 


14.4 


2.448830 


0.000044 


22.2 


2.0 


-0.3645 


0.0910 


5.9 


5.7 


15.3 


2.486139 


0.000048 


15.1 


1.5 


0.1884 


0.1002 


4.6 


5.0 


12.4 


2.487328 


0.000039 


31.2 


2.5 


-0.1614 


0.0813 


8.1 


6.7 


18.8 


2.564316 


0.000049 


14.6 


1.5 


0.4334 


0.1029 


4.8 


4.9 


12.0 


2.602580 


0.000046 


18.5 


1.8 


0.2348 


0.0962 


5.9 


5.3 


13.8 


2.639997 


0.000038 


33.5 


2.7 


-0.3389 


0.0797 


9.7 


6.9 


19.6 


2.717704 


0.000052 


12.1 


1.3 


-0.2146 


0.1094 


4.7 


4.5 


10.6 


2.718860 


0.000052 


12.8 


1.4 


0.0850 


0.1085 


4.9 


4.6 


11.0 


2.765055 


0.000045 


19.2 


1.8 


-0.1688 


0.0951 


6.9 


5.4 


14.1 


2.882376 


0.000045 


20.8 


1.9 


0.1948 


0.0945 


7.3 


5.5 


14.5 


2.919058 


0.000048 


16.1 


1.6 


0.0590 


0.0993 


6.4 


5.1 


12.8 


2.920589 


0.000045 


20.6 


1.9 


0.2206 


0.0942 


7.7 


5.5 


14.5 


2.957208 


0.000059 


9.4 


1.1 


-0.0347 


0.1233 


4.2 


3.9 


8.8 


2.958174 


0.000059 


9.3 


1.1 


0.4565 


0.1236 


4.2 


3.9 


8.7 


2.968282 


0.000057 


10.1 


1.2 


0.3261 


0.1193 


4.6 


4.1 


9.4 


3.005988 


0.000061 


8.2 


1.0 


-0.2069 


0.1266 


4.0 


3.8 


8.3 


3.075428 


0.000060 


8.4 


1.1 


0.0084 


0.1257 


4.2 


3.9 


8.4 


3.083105 


0.000049 


14.8 


1.5 


0.4131 


0.1016 


6.7 


5.0 


12.1 


3.123140 


0.000037 


36.6 


2.8 


0.0741 


0.0771 


14.0 


7.6 


20.7 


3.159062 


0.000063 


7.3 


1.0 


-0.4658 


0.1313 


4.0 


3.8 


7.7 


3.200536 


0.000052 


12.4 


1.4 


0.4716 


0.1091 


6.2 


4.7 


10.8 


3.219305 


0.000058 


9.4 


1.2 


0.1069 


0.1212 


5.0 


4.2 


9.0 


3.238734 


0.000040 


27.2 


2.3 


0.3436 


0.0846 


11.8 


7.0 


17.4 


3.302760 


0.000060 


8.5 


1.1 


0.2581 


0.1248 


4.7 


4.1 


8.5 


3.305437 


0.000045 


20.4 


1.9 


0.1559 


0.0940 


9.9 


6.2 


14.6 


3.306270 


0.000054 


11.3 


1.3 


-0.1989 


0.1124 


6.0 


4.7 


10.2 


3.371953 


0.000063 


7.2 


1.0 


-0.4527 


0.1321 


4.3 


3.9 


7.6 


3.388819 


0.000055 


11.0 


1.3 


0.2225 


0.1150 


6.0 


4.7 


9.9 


3.716016 


0.000048 


16.4 


1.6 


-0.2223 


0.1001 


9.6 


6.5 


12.9 


3.742357 


0.000073 


5.3 


0.8 


0.1172 


0.1516 


4.1 


3.8 


6.2 


3.750128 


0.000064 


7.2 


1.0 


0.2529 


0.1332 


4.8 


4.2 


7.6 


3.860607 


0.000063 


7.4 


1.0 


-0.2282 


0.1314 


4.9 


4.4 


7.7 


3.861480 


0.000071 


6.2 


0.8 


-0.1700 


0.1478 


4.1 


3.8 


6.5 


3.869419 


0.000071 


5.6 


0.8 


0.2361 


0.1491 


4.1 


3.8 


6.4 


3.901974 


0.000052 


12.4 


1.3 


0.3985 


0.1083 


8.1 


5.8 


10.8 


3.910767 


0.000070 


5.7 


0.8 


0.3022 


0.1471 


4.1 


3.9 


6.5 


3.938781 


0.000062 


7.7 


1.0 


-0.3864 


0.1299 


5.2 


4.5 


7.8 


3.940221 


0.000045 


19.5 


1.9 


0.2140 


0.0950 


12.3 


7.8 


14.2 


3.983494 


0.000060 


8.5 


1.1 


-0.2301 


0.1248 


6.0 


4.9 


8.5 


4.010783 


0.000072 


5.6 


0.8 


-0.1997 


0.1515 


4.1 


3.8 


6.2 


4.017539 


0.000073 


5.2 


0.8 


0.0270 


0.1526 


4.1 


3.8 


6.2 


4.112439 


0.000058 


9.5 


1.2 


-0.3686 


0.1219 


6.8 


5.2 


9.0 


4.113316 


0.000067 


6.6 


0.9 


0.3989 


0.1393 


4.9 


4.3 


7.1 


4.226019 


0.000067 


6.6 


0.9 


-0.3247 


0.1394 


5.1 


4.4 


7.1 


4.331846 


0.000076 


4.8 


0.8 


-0.0166 


0.1586 


4.1 


3.8 


5.8 


4.420396 


0.000025 


81.6 


4.3 


-0.2326 


0.0526 


44.4 


29.3 


35.2 


4.540468 


0.000070 


5.7 


0.8 


0.0561 


0.1473 


5.2 


4.4 


6.5 


4.754004 


0.000052 


12.3 


1.3 


-0.3467 


0.1091 


10.7 


7.9 


10.7 


4.821556 


0.000070 


5.8 


0.8 


-0.4971 


0.1457 


5.6 


4.7 


6.6 


4.825525 


0.000067 


6.3 


0.9 


-0.0354 


0.1409 


6.0 


5.0 


7.0 


4.838024 


0.000077 


4.7 


0.8 


0.3358 


0.1613 


4.7 


4.1 


5.7 


5.050551 


0.000077 


4.7 


0.7 


0.3948 


0.1613 


4.8 


4.2 


5.7 


5.062705 


0.000074 


5.0 


0.8 


0.0432 


0.1554 


5.1 


4.4 


6.0 


5.179482 


0.000062 


7.5 


1.0 


-0.2752 


0.1298 


7.4 


6.1 


7.8 


5.322655 


0.000076 


4.8 


0.8 


-0.4454 


0.1582 


5.0 


4.5 


5.8 
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Table A.l. continued. 



/(d" 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (2;r/rad) 


SNR(ld 1 ,3d- 


: , full) 


5.684619 


0.000066 


6.7 


0.9 


-0.3274 


0.1377 


7.1 


6.4 


7.2 


5.694476 


0.000072 


5.4 


0.8 


0.1792 


0.1511 


5.9 


5.4 


6.3 


5.782744 


0.000078 


4.5 


0.7 


-0.3981 


0.1630 


5.1 


4.8 


5.6 


5.830699 


0.000069 


6.0 


0.9 


-0.1681 


0.1440 


6.6 


6.0 


6.7 


6.440907 


0.000067 


6.5 


0.9 


-0.0996 


0.1397 


8.4 


7.3 


7.1 


6.591143 


0.000077 


4.7 


0.8 


0.3702 


0.1606 


6.3 


5.6 


5.7 


8.460190 


0.000077 


4.6 


0.7 


0.0407 


0.1612 


7.3 


7.0 


5.7 


8.835550 


0.000078 


4.6 


0.7 


0.2383 


0.1627 


7.4 


7.1 


5.6 


12.868686 


0.000062 


7.5 


1.0 


0.1755 


0.1300 


13.0 


12.9 


7.9 


14.536804 


0.000069 


6.0 


0.9 


-0.2355 


0.1436 


9.6 


10.4 


6.7 


14.631784 


0.000076 


4.8 


0.8 


0.2499 


0.1589 


8.1 


8.4 


5.8 


14.867733 


0.000070 


5.7 


0.8 


-0.4811 


0.1468 


9.6 


9.9 


6.5 


15.783498 


0.000078 


4.5 


0.7 


-0.0196 


0.1635 


8.0 


7.9 


5.6 


18.151379 


0.000071 


5.5 


0.8 


-0.1426 


0.1494 


8.8 


9.1 


6.3 


19.095722 


0.000078 


4.5 


0.7 


-0.3288 


0.1631 


7.0 


7.5 


5.6 


19.133014 


0.000077 


4.6 


0.7 


0.3416 


0.1613 


7.2 


7.7 


5.7 


19.217276 


0.000075 


4.8 


0.8 


-0.0387 


0.1575 


7.3 


8.0 


5.8 


19.255562 


0.000074 


5.1 


0.8 


0.1935 


0.1544 


7.7 


8.4 


6.0 


19.256448 


0.000065 


6.8 


0.9 


-0.0190 


0.1367 


10.0 


11.1 


7.3 


20.967580 


0.000075 


4.9 


0.8 


-0.0388 


0.1571 


7.7 


8.2 


5.9 


21.793958 


0.000071 


5.5 


0.8 


-0.3185 


0.1494 


9.7 


9.2 


6.4 
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Table A.2. Fourier parameters (frequencies (fj), amplitudes (Aj), and phases (Gj)) of the selected peaks having a signal-to-noise ratio (SNR) above 
4 for KIC 6352430 when computed in a 1 d _1 window after prewhitening. The displayed SNR values are calculated in a window of 1 d~' or 3 d _1 
centred on the given frequency, or from the full periodogram (from d _1 to 24.47 d _1 ). A complete list of all significant frequencies is available 
upon request. 



f(d- 1 ) 


^(d- 1 ) 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


e (27r/rad) 


SNR (Id 1 , 3d 


"'.full) 


0.004284 


0.000032 


29.3 


2.0 


0.1039 


0.0666 


4.2 


8.5 


22.2 


0.009853 


0.000027 


46.7 


2.5 


-0.3229 


0.0551 


5.1 


10.8 


29.2 


0.011087 


0.000032 


30.1 


2.0 


-0.4449 


0.0673 


4.2 


8.4 


22.2 


0.012010 


0.000027 


49.2 


2.5 


-0.4390 


0.0552 


5.1 


10.8 


29.3 


0.014463 


0.000028 


41.8 


2.4 


0.3818 


0.0574 


5.0 


10.4 


28.0 


0.015752 


0.000031 


34.4 


2.2 


0.1716 


0.0647 


4.3 


8.9 


23.6 


0.017720 


0.000029 


36.3 


2.2 


0.1253 


0.0608 


4.6 


9.5 


25.5 


0.018686 


0.000020 


74.7 


3.1 


0.2021 


0.0419 


7.5 


15.1 


42.3 


0.020202 


0.000026 


50.5 


2.6 


-0.0340 


0.0533 


5.4 


11.4 


31.1 


0.022034 


0.000029 


37.4 


2.3 


0.1943 


0.0598 


4.7 


9.8 


26.4 


0.026289 


0.000028 


36.2 


2.3 


0.3314 


0.0580 


4.9 


10.2 


27.3 


0.028180 


0.000026 


50.5 


2.6 


-0.3349 


0.0533 


5.4 


11.4 


31.3 


0.032699 


0.000031 


37.5 


2.2 


0.3203 


0.0651 


4.3 


8.8 


23.5 


0.034035 


0.000025 


52.9 


2.7 


0.0580 


0.0526 


5.5 


11.8 


32.2 


0.035137 


0.000032 


32.6 


2.1 


0.1613 


0.0653 


4.3 


8.8 


23.3 


0.037698 


0.000010 


285.4 


6.0 


-0.2604 


0.0210 


21.7 


37.1 


108.4 


0.040217 


0.000031 


35.9 


2.2 


-0.4774 


0.0649 


4.3 


8.9 


23.6 


0.050677 


0.000033 


28.9 


2.0 


-0.1363 


0.0685 


4.2 


8.2 


21.6 


0.054967 


0.000014 


147.9 


4.3 


-0.0299 


0.0290 


13.3 


24.4 


70.2 


0.059509 


0.000033 


28.9 


2.0 


-0.4191 


0.0687 


4.1 


8.2 


21.6 


0.061721 


0.000032 


31.7 


2.1 


-0.1624 


0.0657 


4.3 


8.6 


22.8 


0.072090 


0.000027 


42.5 


2.4 


0.0078 


0.0563 


5.0 


10.5 


28.3 


0.075345 


0.000012 


196.7 


5.0 


0.1403 


0.0257 


16.8 


28.8 


83.4 


0.077308 


0.000032 


31.9 


2.1 


-0.4782 


0.0663 


4.2 


8.6 


22.6 


0.082769 


0.000030 


34.5 


2.2 


-0.3503 


0.0622 


4.5 


9.3 


24.7 


0.102063 


0.000014 


134.4 


4.0 


-0.3836 


0.0298 


12.3 


23.4 


66.8 


0.113026 


0.000016 


108.2 


3.6 


-0.4783 


0.0335 


10.4 


20.0 


56.9 


0.150706 


0.000021 


68.6 


3.0 


-0.1354 


0.0433 


7.1 


14.5 


40.5 


0.157032 


0.000011 


253.8 


5.6 


-0.1364 


0.0221 


20.2 


34.3 


99.9 


0.158780 


0.000032 


37.1 


2.1 


-0.1007 


0.0658 


4.2 


8.6 


22.9 


0.159722 


0.000027 


44.6 


2.4 


0.0077 


0.0561 


5.0 


10.6 


28.7 


0.161124 


0.000026 


58.7 


2.7 


0.0477 


0.0529 


5.4 


11.6 


31.7 


0.161820 


0.000030 


34.2 


2.1 


-0.1856 


0.0627 


4.5 


9.1 


24.0 


0.188411 


0.000029 


38.4 


2.3 


0.3266 


0.0607 


4.6 


9.6 


25.6 


0.235791 


0.000032 


32.5 


2.1 


0.0609 


0.0654 


4.3 


8.7 


23.0 


0.266303 


0.000031 


32.6 


2.1 


0.4740 


0.0650 


4.3 


8.8 


23.4 


0.290688 


0.000031 


32.8 


2.2 


0.2840 


0.0638 


4.3 


9.1 


24.1 


0.319518 


0.000024 


55.9 


2.8 


0.3491 


0.0504 


5.9 


12.3 


34.0 


0.392621 


0.000032 


32.5 


2.1 


0.2032 


0.0653 


4.3 


8.8 


23.3 


0.407994 


0.000015 


126.0 


3.8 


-0.0652 


0.0303 


11.8 


22.5 


64.3 


0.437489 


0.000032 


30.5 


2.1 


-0.2484 


0.0665 


4.2 


8.5 


22.5 


0.465004 


0.000006 


570.2 


6.7 


0.0580 


0.0117 


37.8 


67.3 


195.9 


0.471430 


0.000027 


46.3 


2.5 


0.4972 


0.0554 


5.1 


10.9 


29.4 


0.484678 


0.000027 


42.1 


2.4 


-0.0106 


0.0568 


5.0 


10.4 


28.1 


0.498491 


0.000024 


55.4 


2.8 


-0.1200 


0.0504 


5.9 


12.3 


34.0 


0.507442 


0.000028 


41.4 


2.4 


0.2713 


0.0577 


5.0 


10.2 


27.6 


0.522217 


0.000026 


48.8 


2.6 


0.3606 


0.0540 


5.4 


11.2 


30.6 


0.527813 


0.000031 


33.7 


2.2 


0.2633 


0.0650 


4.3 


8.8 


23.5 


0.547033 


0.000025 


52.6 


2.7 


0.2526 


0.0523 


5.8 


11.8 


32.4 


0.572812 


0.000033 


30.0 


2.0 


-0.2638 


0.0674 


4.2 


8.4 


22.0 


0.597513 


0.000033 


28.8 


2.0 


-0.0032 


0.0693 


4.1 


8.1 


21.3 


0.598674 


0.000029 


36.8 


2.3 


-0.3275 


0.0608 


4.8 


9.6 


25.8 


0.655099 


0.000028 


40.9 


2.4 


-0.1454 


0.0580 


5.0 


10.2 


27.4 


0.656366 


0.000019 


77.8 


3.1 


0.3090 


0.0395 


7.9 


16.1 


45.1 


0.727031 


0.000027 


43.3 


2.4 


-0.4550 


0.0553 


5.2 


10.8 


29.2 


0.793682 


0.000027 


43.8 


2.5 


0.3975 


0.0556 


5.2 


10.8 


29.3 


0.812304 


0.000030 


35.8 


2.2 


-0.3090 


0.0616 


4.6 


9.4 


25.2 


0.838490 


0.000026 


48.1 


2.6 


0.1784 


0.0536 


5.3 


11.3 


30.9 
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Table A.2. continued. 



/(d" 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRUd-'^d 


- 1 , full) 


0.839356 


0.000018 


85.4 


3.2 


0.3967 


0.0373 


8.2 


17.2 


48.1 


0.840291 


0.000027 


43.2 


2.4 


-0.0983 


0.0562 


5.1 


10.6 


28.5 


0.841011 


0.000043 


18.2 


1.5 


-0.2828 


0.0890 


4.4 


6.0 


14.8 


0.857861 


0.000032 


33.1 


2.1 


0.0091 


0.0653 


4.3 


8.8 


23.3 


0.866904 


0.000034 


28.9 


2.0 


-0.0640 


0.0700 


4.0 


8.0 


21.0 


0.883663 


0.000031 


33.0 


2.1 


-0.0273 


0.0651 


4.3 


8.8 


23.3 


0.884825 


0.000025 


49.9 


2.7 


-0.4205 


0.0516 


5.5 


11.9 


32.7 


0.890464 


0.000026 


51.4 


2.6 


-0.3514 


0.0536 


5.3 


11.4 


31.1 


0.925156 


0.000028 


40.7 


2.4 


-0.2801 


0.0581 


4.9 


10.2 


27.4 


0.945455 


0.000017 


100.3 


3.6 


-0.3322 


0.0349 


8.7 


19.2 


54.4 


0.956789 


0.000027 


43.5 


2.4 


0.3372 


0.0558 


5.0 


10.6 


28.8 


0.965947 


0.000032 


32.0 


2.1 


0.4275 


0.0663 


4.3 


8.5 


22.5 


0.967199 


0.000029 


38.9 


2.3 


0.4777 


0.0597 


4.7 


9.8 


26.4 


0.968862 


0.000012 


218.0 


5.3 


-0.1491 


0.0242 


13.8 


31.2 


90.4 


0.969598 


0.000021 


70.4 


3.0 


0.0617 


0.0431 


6.6 


14.6 


40.7 


0.972185 


0.000026 


47.3 


2.5 


-0.3992 


0.0541 


5.2 


11.2 


30.4 


0.979002 


0.000045 


15.3 


1.4 


0.0348 


0.0932 


4.2 


5.7 


13.7 


0.995689 


0.000031 


33.7 


2.2 


-0.2197 


0.0647 


4.4 


8.9 


23.7 


0.997712 


0.000009 


341.2 


6.3 


0.0992 


0.0180 


20.6 


43.8 


128.1 


1.000475 


0.000013 


170.4 


4.6 


-0.4220 


0.0272 


11.5 


26.5 


76.5 


1.003778 


0.000025 


53.3 


2.7 


0.0093 


0.0521 


5.4 


11.8 


32.4 


1.008757 


0.000018 


96.5 


3.5 


-0.2325 


0.0362 


8.3 


18.3 


51.9 


1.010907 


0.000027 


45.9 


2.5 


-0.1498 


0.0552 


5.2 


10.9 


29.6 


1.011855 


0.000014 


144.1 


4.2 


0.4796 


0.0291 


10.6 


24.1 


69.4 


1.016004 


0.000019 


83.4 


3.1 


0.2744 


0.0383 


7.7 


16.7 


46.8 


1.020161 


0.000039 


21.4 


1.7 


0.0263 


0.0798 


5.3 


6.9 


17.4 


1.020766 


0.000017 


97.0 


3.3 


-0.2377 


0.0359 


8.0 


18.2 


51.1 


1.021485 


0.000032 


34.0 


2.1 


0.4803 


0.0662 


4.3 


8.5 


22.6 


1.023542 


0.000032 


30.8 


2.1 


-0.3291 


0.0661 


4.3 


8.6 


22.7 


1.025286 


0.000025 


49.7 


2.7 


-0.4256 


0.0525 


5.4 


11.8 


32.4 


1.033483 


0.000029 


38.7 


2.3 


-0.1006 


0.0604 


4.7 


9.7 


25.9 


1.034269 


0.000045 


15.6 


1.4 


-0.4233 


0.0936 


4.0 


5.6 


13.6 


1.045933 


0.000031 


32.9 


2.1 


-0.3111 


0.0650 


4.4 


8.8 


23.3 


1.047486 


0.000005 


959.5 


9.1 


0.3181 


0.0095 


38.6 


91.5 


263.5 


1.048454 


0.000027 


43.3 


2.5 


0.2866 


0.0553 


5.2 


10.8 


29.3 


1.049693 


0.000033 


28.2 


2.0 


0.1598 


0.0686 


4.2 


8.2 


21.5 


1.060326 


0.000021 


65.8 


3.0 


-0.1093 


0.0444 


6.5 


14.1 


39.4 


1.061306 


0.000033 


29.4 


2.0 


-0.2568 


0.0684 


4.2 


8.3 


21.6 


1.064100 


0.000030 


36.3 


2.2 


0.3830 


0.0631 


4.6 


9.2 


24.5 


1.070808 


0.000029 


35.1 


2.3 


0.0890 


0.0609 


4.8 


9.6 


25.7 


1.076526 


0.000028 


40.7 


2.3 


0.3840 


0.0582 


5.0 


10.1 


27.2 


1.082778 


0.000024 


57.9 


2.8 


0.0173 


0.0500 


5.8 


12.5 


34.5 


1.091838 


0.000032 


31.3 


2.0 


0.2447 


0.0665 


4.3 


8.5 


22.4 


1.093128 


0.000018 


85.7 


3.2 


0.1791 


0.0363 


8.1 


17.7 


49.6 


1.095406 


0.000026 


49.7 


2.6 


0.2731 


0.0536 


5.4 


11.4 


31.1 


1.102436 


0.000026 


50.9 


2.7 


0.2720 


0.0529 


5.5 


11.6 


31.7 


1.110784 


0.000011 


253.5 


5.5 


-0.2861 


0.0222 


15.0 


33.9 


98.6 


1.125216 


0.000029 


38.5 


2.3 


-0.0137 


0.0606 


4.8 


9.6 


25.8 


1.126176 


0.000016 


120.5 


3.8 


0.1965 


0.0331 


9.0 


20.5 


58.6 


1.127321 


0.000015 


146.7 


3.9 


-0.4726 


0.0301 


10.1 


22.8 


65.2 


1.128321 


0.000023 


59.5 


2.9 


-0.1770 


0.0481 


6.1 


13.0 


36.0 


1.128983 


0.000014 


129.4 


4.0 


-0.4603 


0.0300 


10.1 


23.2 


66.3 


1.129454 


0.000029 


38.1 


2.3 


-0.4734 


0.0603 


4.9 


9.7 


25.9 


1.148279 


0.000018 


88.9 


3.2 


-0.2745 


0.0364 


8.1 


17.8 


49.9 


1.149619 


0.000014 


152.9 


4.4 


0.2132 


0.0293 


10.5 


24.3 


70.1 


1.150464 


0.000025 


54.0 


2.8 


0.4304 


0.0520 


5.6 


11.9 


32.8 


1.152611 


0.000013 


161.4 


4.7 


0.4844 


0.0271 


11.5 


26.9 


77.3 


1.157512 


0.000028 


40.5 


2.3 


-0.1649 


0.0578 


5.1 


10.2 


27.3 


1.169301 


0.000017 


100.7 


3.5 


0.2295 


0.0353 


8.5 


18.9 


53.5 


1.172163 


0.000031 


33.4 


2.1 


-0.3828 


0.0648 


4.5 


8.8 


23.4 


1.173030 


0.000004 


893.9 


8.3 


0.3852 


0.0093 


39.0 


89.8 


259.4 
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/(d" 1 ) 


^(d- 1 ) 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRClcT'^d 


- 1 , full) 


1.173932 


0.000032 


31.3 


2.1 


0.3603 


0.0663 


4.4 


8.6 


22.6 


1.182215 


0.000027 


44.0 


2.5 


0.3384 


0.0556 


5.3 


10.8 


29.3 


1.195890 


0.000016 


113.5 


3.7 


0.1330 


0.0325 


9.2 


20.7 


58.9 


1.196606 


0.000031 


33.4 


2.1 


-0.1712 


0.0648 


4.5 


8.8 


23.4 


1.199669 


0.000025 


53.5 


2.7 


0.1509 


0.0521 


5.6 


11.8 


32.3 


1.204692 


0.000014 


144.2 


4.1 


-0.2313 


0.0294 


10.5 


23.8 


68.2 


1.221987 


0.000012 


206.7 


5.2 


0.0918 


0.0257 


12.6 


28.9 


83.6 


1.227367 


0.000054 


9.8 


1.1 


-0.1483 


0.1124 


4.1 


4.6 


10.3 


1.228043 


0.000013 


169.0 


4.5 


-0.4174 


0.0270 


11.4 


26.5 


76.6 


1.249987 


0.000032 


30.2 


2.0 


-0.0217 


0.0670 


4.4 


8.4 


22.2 


1.251587 


0.000032 


31.4 


2.1 


-0.3843 


0.0663 


4.4 


8.6 


22.7 


1.252610 


0.000021 


69.4 


3.0 


0.2587 


0.0428 


6.8 


14.8 


41.3 


1.254733 


0.000015 


130.3 


3.9 


0.3062 


0.0303 


9.9 


22.8 


65.1 


1.257603 


0.000030 


37.3 


2.2 


-0.0089 


0.0615 


4.8 


9.4 


25.3 


1.259566 


0.000014 


150.1 


4.3 


-0.3251 


0.0293 


10.2 


24.0 


69.2 


1.283590 


0.000034 


27.8 


2.0 


-0.4571 


0.0700 


4.2 


8.0 


20.9 


1.284234 


0.000005 


711.4 


7.6 


0.2338 


0.0106 


34.0 


77.1 


222.9 


1.306660 


0.000026 


49.2 


2.6 


-0.3049 


0.0540 


5.5 


11.2 


30.6 


1.318069 


0.000027 


45.7 


2.5 


0.4067 


0.0553 


5.5 


10.9 


29.6 


1.320111 


0.000029 


38.1 


2.3 


-0.3445 


0.0598 


4.9 


9.8 


26.2 


1.330029 


0.000014 


138.8 


4.2 


-0.4860 


0.0299 


10.1 


23.4 


67.5 


1.359467 


0.000027 


44.6 


2.4 


-0.0075 


0.0552 


5.6 


10.8 


29.2 


1.360142 


0.000016 


115.4 


3.7 


0.1091 


0.0334 


8.9 


20.1 


57.0 


1.360884 


0.000012 


212.6 


5.1 


0.2343 


0.0259 


12.4 


28.7 


83.1 


1.361690 


0.000002 


7478.7 


32.2 


-0.0780 


0.0043 


75.9 


267.9 


674.3 


1.362549 


0.000017 


91.1 


3.3 


0.0535 


0.0361 


8.3 


18.0 


50.7 


1.363304 


0.000019 


79.1 


3.1 


0.2258 


0.0396 


7.6 


16.1 


45.0 


1.364532 


0.000032 


30.4 


2.0 


-0.4085 


0.0668 


4.5 


8.5 


22.3 


1.369820 


0.000026 


47.2 


2.6 


0.1800 


0.0536 


5.8 


11.3 


30.9 


1.406509 


0.000030 


36.2 


2.2 


-0.3571 


0.0627 


5.0 


9.2 


24.7 


1.407422 


0.000021 


69.8 


3.0 


0.2829 


0.0427 


7.1 


14.8 


41.3 


1.408802 


0.000025 


56.7 


2.8 


-0.4542 


0.0516 


6.0 


12.0 


33.1 


1.416635 


0.000029 


37.2 


2.3 


-0.1779 


0.0608 


5.2 


9.6 


25.7 


1.441620 


0.000032 


31.5 


2.1 


0.1796 


0.0663 


4.6 


8.6 


22.6 


1.445820 


0.000017 


94.6 


3.3 


0.4315 


0.0361 


8.3 


18.1 


51.0 


1.457788 


0.000018 


89.8 


3.2 


-0.3183 


0.0363 


8.5 


17.8 


50.1 


1.462735 


0.000026 


47.9 


2.6 


0.4266 


0.0535 


6.0 


11.3 


30.8 


1.463728 


0.000002 


2271.3 


10.1 


-0.1764 


0.0044 


62.3 


182.4 


507.7 


1.464566 


0.000025 


51.5 


2.7 


-0.1553 


0.0521 


6.1 


11.8 


32.3 


1.516702 


0.000033 


30.1 


2.0 


-0.2142 


0.0686 


4.7 


8.2 


21.5 


1.517450 


0.000017 


98.9 


3.5 


-0.0555 


0.0361 


8.8 


18.3 


51.9 


1.518082 


0.000021 


76.5 


2.9 


0.1887 


0.0441 


7.3 


14.1 


39.2 


1.518726 


0.000001 


6574.6 


14.2 


0.0509 


0.0021 


97.9 


321.7 


836.7 


1.518959 


0.000035 


27.3 


1.9 


-0.0937 


0.0729 


4.4 


7.7 


20.0 


1.519792 


0.000017 


106.9 


3.3 


-0.0485 


0.0358 


8.9 


18.2 


51.3 


1.520452 


0.000023 


76.8 


2.9 


0.1385 


0.0469 


6.8 


13.3 


36.9 


1.521314 


0.000025 


51.4 


2.7 


-0.0736 


0.0527 


6.3 


11.6 


31.8 


1.536086 


0.000036 


24.6 


1.9 


0.2695 


0.0746 


4.3 


7.5 


19.2 


1.567693 


0.000036 


25.1 


1.9 


-0.4848 


0.0743 


4.4 


7.5 


19.3 


1.584658 


0.000036 


26.0 


1.9 


-0.3014 


0.0736 


4.5 


7.6 


19.7 


1.590944 


0.000010 


278.4 


5.9 


0.2253 


0.0206 


16.4 


37.4 


109.2 


1.597381 


0.000034 


28.5 


2.0 


0.1704 


0.0700 


4.8 


8.0 


21.0 


1.620747 


0.000010 


265.7 


5.8 


-0.0931 


0.0215 


16.1 


35.4 


103.2 


1.664304 


0.000032 


30.2 


2.0 


0.0376 


0.0667 


5.2 


8.5 


22.3 


1.673636 


0.000026 


49.3 


2.6 


-0.3810 


0.0537 


6.8 


11.3 


30.8 


1.675732 


0.000036 


24.9 


1.8 


0.1368 


0.0753 


4.5 


7.4 


18.9 


1.704542 


0.000030 


37.4 


2.2 


-0.4394 


0.0612 


5.9 


9.5 


25.4 


1.710423 


0.000016 


105.4 


3.6 


0.3380 


0.0338 


10.8 


19.8 


56.2 


1.716347 


0.000022 


65.1 


2.9 


-0.1591 


0.0450 


8.0 


13.9 


38.7 


1.724540 


0.000026 


45.7 


2.5 


-0.2200 


0.0548 


6.9 


11.0 


29.9 


1.726925 


0.000040 


21.0 


1.7 


0.2783 


0.0821 


4.1 


6.6 


16.6 
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/(d" 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRUd-'^d 


"'.full) 


1.727493 


0.000024 


57.0 


2.8 


-0.2960 


0.0501 


7.4 


12.4 


34.4 


1.748007 


0.000039 


20.6 


1.6 


-0.0680 


0.0811 


4.2 


6.7 


16.8 


1.754439 


0.000008 


400.1 


6.5 


0.2712 


0.0163 


25.0 


48.3 


141.5 


1.764986 


0.000038 


22.2 


1.8 


-0.2904 


0.0787 


4.4 


7.0 


17.8 


1.768815 


0.000040 


19.7 


1.6 


-0.3622 


0.0833 


4.2 


6.5 


16.3 


1.782769 


0.000039 


20.9 


1.7 


-0.3464 


0.0812 


4.3 


6.7 


16.9 


1.799222 


0.000038 


21.4 


1.7 


-0.0147 


0.0793 


4.4 


6.9 


17.5 


1.816013 


0.000047 


13.7 


1.3 


-0.0256 


0.0970 


4.6 


5.4 


12.8 


1.818002 


0.000012 


190.5 


4.9 


-0.0010 


0.0254 


15.7 


29.1 


83.9 


1.823915 


0.000018 


88.4 


3.4 


-0.2452 


0.0363 


10.4 


18.2 


51.5 


1.826745 


0.000021 


70.0 


3.0 


0.1384 


0.0427 


9.0 


14.9 


41.6 


1.829883 


0.000012 


190.2 


4.8 


-0.0516 


0.0256 


15.9 


28.7 


82.6 


1.832585 


0.000024 


58.4 


2.9 


-0.0895 


0.0493 


8.0 


12.6 


35.0 


1.866377 


0.000025 


52.7 


2.8 


-0.0902 


0.0524 


7.7 


11.8 


32.4 


1.884886 


0.000029 


37.9 


2.3 


-0.4922 


0.0599 


6.5 


9.8 


26.2 


1.894109 


0.000025 


54.5 


2.8 


-0.1090 


0.0513 


8.0 


12.1 


33.4 


1.908896 


0.000042 


17.8 


1.5 


0.0788 


0.0874 


4.1 


6.1 


15.1 


1.914520 


0.000042 


18.3 


1.5 


-0.2213 


0.0871 


4.1 


6.1 


15.2 


1.925821 


0.000039 


20.8 


1.7 


0.3609 


0.0817 


4.5 


6.6 


16.8 


1.928771 


0.000036 


25.5 


1.9 


0.0143 


0.0747 


4.9 


7.4 


19.2 


1.939730 


0.000035 


26.4 


1.9 


-0.1956 


0.0728 


5.1 


7.7 


20.0 


1.947154 


0.000013 


167.7 


4.6 


0.1111 


0.0275 


11.5 


26.3 


75.8 


1.953112 


0.000012 


215.3 


5.3 


0.3387 


0.0253 


18.0 


29.5 


85.6 


1.954310 


0.000051 


11.5 


1.2 


0.0556 


0.1059 


5.0 


4.9 


11.3 


1.959094 


0.000013 


178.7 


4.8 


0.4129 


0.0272 


17.1 


26.9 


77.4 


1.974854 


0.000018 


93.2 


3.4 


-0.3859 


0.0363 


12.1 


18.1 


51.1 


1.983742 


0.000020 


74.1 


3.1 


0.2810 


0.0419 


10.0 


15.1 


42.4 


1.993448 


0.000035 


26.5 


1.9 


-0.0947 


0.0729 


5.2 


7.7 


20.0 


1.994412 


0.000031 


34.5 


2.2 


-0.2406 


0.0640 


6.3 


9.0 


24.1 


1.998334 


0.000038 


22.0 


1.7 


-0.0117 


0.0788 


4.8 


7.0 


17.7 


2.017141 


0.000026 


47.6 


2.5 


-0.2909 


0.0535 


8.0 


11.3 


30.7 


2.018795 


0.000026 


48.8 


2.5 


0.3300 


0.0538 


7.9 


11.2 


30.5 


2.028894 


0.000038 


21.9 


1.7 


0.1698 


0.0792 


4.9 


6.9 


17.5 


2.031155 


0.000016 


113.6 


3.7 


0.2069 


0.0329 


14.2 


20.6 


58.7 


2.040328 


0.000031 


34.3 


2.2 


-0.4621 


0.0638 


6.5 


9.1 


24.2 


2.041366 


0.000027 


43.2 


2.4 


0.3851 


0.0555 


7.8 


10.7 


29.0 


2.059554 


0.000052 


10.7 


1.2 


0.3107 


0.1073 


5.4 


4.8 


11.0 


2.060704 


0.000029 


37.9 


2.3 


-0.0520 


0.0608 


6.8 


9.6 


25.6 


2.063558 


0.000045 


15.4 


1.4 


-0.4860 


0.0933 


4.0 


5.7 


13.7 


2.065487 


0.000036 


24.5 


1.8 


-0.4324 


0.0753 


5.3 


7.4 


18.9 


2.066291 


0.000032 


33.0 


2.2 


-0.3337 


0.0652 


6.4 


8.8 


23.3 


2.087882 


0.000043 


17.2 


1.5 


0.4249 


0.0881 


4.4 


6.1 


14.9 


2.088642 


0.000016 


116.1 


3.8 


-0.2454 


0.0330 


14.5 


20.6 


58.9 


2.095416 


0.000026 


48.4 


2.6 


0.3366 


0.0536 


8.4 


11.4 


31.1 


2.101322 


0.000013 


163.6 


4.4 


0.4056 


0.0278 


19.2 


25.6 


73.9 


2.118659 


0.000028 


40.7 


2.4 


0.1494 


0.0580 


7.6 


10.1 


27.3 


2.119506 


0.000040 


20.1 


1.7 


0.2323 


0.0821 


4.9 


6.6 


16.7 


2.121128 


0.000046 


14.3 


1.4 


0.1908 


0.0955 


4.1 


5.5 


13.1 


2.144184 


0.000036 


25.5 


1.9 


-0.4908 


0.0744 


5.6 


7.5 


19.4 


2.145497 


0.000031 


33.6 


2.2 


0.0131 


0.0647 


6.8 


8.9 


23.7 


2.146199 


0.000038 


22.0 


1.7 


-0.2324 


0.0793 


5.2 


6.9 


17.5 


2.149950 


0.000043 


17.2 


1.5 


0.1526 


0.0889 


4.3 


6.0 


14.8 


2.172329 


0.000041 


19.2 


1.6 


0.2114 


0.0846 


4.8 


6.4 


15.9 


2.173671 


0.000014 


159.2 


4.5 


0.3032 


0.0284 


18.8 


25.3 


72.9 


2.174431 


0.000018 


93.4 


3.4 


0.4815 


0.0364 


13.4 


18.2 


51.3 


2.175199 


0.000045 


15.4 


1.4 


-0.2916 


0.0925 


4.3 


5.7 


13.8 


2.176134 


0.000024 


58.5 


2.9 


-0.4484 


0.0492 


9.5 


12.6 


35.0 


2.176972 


0.000039 


21.2 


1.7 


0.3292 


0.0797 


5.3 


6.9 


17.4 


2.200064 


0.000045 


15.8 


1.5 


-0.1407 


0.0924 


4.3 


5.7 


14.0 


2.210932 


0.000030 


36.1 


2.2 


-0.2428 


0.0627 


7.1 


9.2 


24.6 


2.226746 


0.000044 


16.3 


1.5 


-0.0922 


0.0904 


4.5 


5.9 


14.5 
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Table A.2. continued. 



/(d" 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRUd-'^d 


"'.full) 


2.245563 


0.000022 


62.6 


2.9 


0.0216 


0.0464 


10.8 


13.5 


37.6 


2.252273 


0.000038 


22.7 


1.8 


-0.1889 


0.0778 


5.5 


7.0 


17.9 


2.286858 


0.000031 


32.5 


2.1 


-0.0286 


0.0651 


4.4 


8.8 


23.2 


2.288049 


0.000045 


14.7 


1.4 


-0.3390 


0.0938 


4.4 


5.6 


13.5 


2.300911 


0.000045 


14.6 


1.4 


0.4343 


0.0938 


4.5 


5.6 


13.5 


2.325917 


0.000049 


12.7 


1.3 


0.4748 


0.1017 


4.1 


5.1 


11.9 


2.328801 


0.000035 


26.8 


1.9 


-0.2312 


0.0730 


6.3 


7.7 


20.0 


2.329870 


0.000050 


11.9 


1.2 


0.0335 


0.1035 


4.1 


5.0 


11.6 


2.330571 


0.000018 


92.6 


3.4 


0.0890 


0.0363 


14.9 


18.1 


50.9 


2.331381 


0.000033 


30.1 


2.0 


0.2262 


0.0676 


6.9 


8.3 


21.9 


2.333051 


0.000047 


14.0 


1.3 


0.3001 


0.0966 


4.4 


5.4 


12.9 


2.359209 


0.000051 


11.4 


1.2 


0.0123 


0.1058 


4.1 


4.9 


11.3 


2.364458 


0.000053 


10.7 


1.2 


-0.4223 


0.1090 


4.1 


4.7 


10.8 


2.375674 


0.000050 


11.5 


1.2 


-0.3593 


0.1045 


4.2 


5.0 


11.4 


2.376638 


0.000025 


55.1 


2.8 


0.2888 


0.0510 


10.6 


12.2 


33.5 


2.377941 


0.000047 


13.8 


1.3 


0.2218 


0.0966 


4.6 


5.4 


12.9 


2.409140 


0.000038 


23.0 


1.8 


0.0008 


0.0779 


6.1 


7.1 


18.0 


2.424619 


0.000054 


9.8 


1.1 


0.2795 


0.1123 


4.1 


4.6 


10.3 


2.425593 


0.000044 


15.6 


1.5 


0.1912 


0.0921 


5.0 


5.8 


14.1 


2.431218 


0.000045 


15.3 


1.4 


0.3843 


0.0932 


4.3 


5.7 


13.7 


2.432621 


0.000052 


11.2 


1.2 


-0.0287 


0.1068 


4.2 


4.8 


11.1 


2.460020 


0.000047 


14.2 


1.3 


0.2995 


0.0963 


4.8 


5.5 


12.9 


2.472481 


0.000036 


25.5 


1.9 


0.4351 


0.0745 


5.6 


7.5 


19.4 


2.475515 


0.000038 


21.8 


1.7 


-0.3873 


0.0794 


6.4 


6.9 


17.5 


2.480701 


0.000067 


5.9 


0.8 


0.4973 


0.1395 


4.4 


3.8 


7.4 


2.484555 


0.000027 


43.9 


2.5 


-0.1008 


0.0556 


9.9 


10.8 


29.1 


2.487665 


0.000032 


29.8 


2.0 


-0.0669 


0.0673 


7.6 


8.4 


22.0 


2.490724 


0.000053 


10.3 


1.1 


0.3104 


0.1104 


4.4 


4.7 


10.6 


2.511168 


0.000047 


13.3 


1.3 


-0.0104 


0.0983 


4.9 


5.3 


12.6 


2.516372 


0.000047 


13.7 


1.3 


0.0484 


0.0980 


4.9 


5.3 


12.6 


2.534515 


0.000052 


11.2 


1.2 


0.0574 


0.1078 


4.5 


4.8 


10.9 


2.542704 


0.000056 


8.9 


1.0 


-0.0577 


0.1158 


4.3 


4.4 


9.7 


2.543895 


0.000030 


35.4 


2.2 


0.1215 


0.0624 


9.2 


9.2 


24.7 


2.544616 


0.000058 


8.3 


1.0 


0.3679 


0.1193 


4.1 


4.3 


9.3 


2.566140 


0.000036 


24.3 


1.8 


0.1641 


0.0754 


4.5 


7.3 


18.9 


2.611944 


0.000052 


10.8 


1.2 


0.0137 


0.1079 


4.8 


4.8 


10.9 


2.614213 


0.000040 


20.3 


1.7 


0.0940 


0.0820 


6.9 


6.6 


16.6 


2.616335 


0.000035 


28.7 


2.0 


0.1429 


0.0715 


8.1 


7.8 


20.5 


2.621195 


0.000034 


27.5 


2.0 


-0.3915 


0.0709 


8.3 


7.9 


20.7 


2.629517 


0.000045 


15.8 


1.5 


-0.4073 


0.0924 


6.1 


5.8 


14.0 


2.638452 


0.000060 


7.6 


1.0 


-0.3193 


0.1240 


4.1 


4.2 


8.8 


2.645849 


0.000042 


17.8 


1.5 


-0.0203 


0.0874 


6.5 


6.1 


15.1 


2.676383 


0.000051 


11.4 


1.2 


-0.1823 


0.1057 


5.0 


4.9 


11.3 


2.688134 


0.000054 


9.9 


1.1 


-0.3822 


0.1126 


4.1 


4.6 


10.3 


2.691767 


0.000014 


138.6 


4.0 


0.2728 


0.0292 


29.4 


23.9 


68.4 


2.723390 


0.000018 


86.0 


3.2 


-0.3440 


0.0372 


21.1 


17.2 


48.2 


2.731469 


0.000052 


10.8 


1.2 


-0.0220 


0.1081 


5.3 


4.8 


10.9 


2.768681 


0.000063 


6.9 


0.9 


0.0913 


0.1298 


4.2 


4.0 


8.1 


2.775558 


0.000060 


7.4 


0.9 


0.4054 


0.1244 


4.4 


4.2 


8.6 


2.776528 


0.000052 


10.6 


1.2 


-0.1899 


0.1072 


5.6 


4.8 


11.0 


2.777316 


0.000062 


7.2 


0.9 


0.1151 


0.1279 


4.3 


4.0 


8.4 


2.778321 


0.000021 


71.2 


3.0 


-0.4485 


0.0425 


19.7 


14.9 


41.6 


2.793623 


0.000062 


7.5 


0.9 


0.2453 


0.1278 


4.4 


4.0 


8.4 


2.801014 


0.000054 


9.8 


1.1 


0.2152 


0.1118 


5.5 


4.6 


10.4 


2.802923 


0.000039 


21.2 


1.7 


0.1327 


0.0799 


8.6 


6.8 


17.2 


2.825421 


0.000025 


52.5 


2.7 


-0.4422 


0.0521 


16.7 


11.8 


32.3 


2.870156 


0.000049 


12.4 


1.3 


-0.0402 


0.1010 


6.6 


5.1 


12.1 


2.878876 


0.000054 


9.7 


1.1 


0.0365 


0.1121 


5.8 


4.6 


10.3 


2.879616 


0.000044 


16.3 


1.5 


0.2118 


0.0905 


7.9 


5.9 


14.5 


2.880422 


0.000009 


342.5 


6.1 


-0.1531 


0.0179 


55.1 


43.2 


126.5 


2.881018 


0.000065 


6.2 


0.8 


0.1926 


0.1351 


4.2 


3.8 


7.7 
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Table A.2. continued. 



/(d" 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRCld-'^d 


"'.full) 


2.881652 


0.000047 


13.6 


1.3 


-0.4375 


0.0977 


7.0 


5.4 


12.7 


2.888587 


0.000058 


8.2 


1.0 


0.0987 


0.1201 


5.0 


4.3 


9.1 


2.914902 


0.000065 


6.4 


0.9 


0.1357 


0.1338 


4.3 


3.9 


7.8 


2.922866 


0.000053 


10.6 


1.2 


-0.0898 


0.1089 


6.2 


4.7 


10.8 


2.927421 


0.000048 


13.3 


1.3 


0.4894 


0.0988 


7.2 


5.3 


12.5 


2.932702 


0.000041 


18.8 


1.6 


-0.3424 


0.0854 


8.9 


6.3 


15.6 


2.935396 


0.000062 


6.9 


0.9 


-0.4188 


0.1288 


4.7 


4.0 


8.2 


2.952633 


0.000040 


20.0 


1.6 


0.3379 


0.0823 


9.5 


6.6 


16.5 


2.976533 


0.000055 


9.7 


1.1 


0.1189 


0.1129 


6.1 


4.6 


10.2 


2.980707 


0.000046 


14.2 


1.4 


0.1840 


0.0953 


7.7 


5.5 


13.2 


2.981546 


0.000038 


23.8 


1.8 


0.3207 


0.0778 


10.5 


7.1 


18.1 


2.982459 


0.000006 


590.3 


7.2 


-0.2098 


0.0122 


70.0 


65.6 


190.8 


2.983444 


0.000037 


23.5 


1.8 


-0.3103 


0.0764 


10.8 


7.2 


18.5 


2.984172 


0.000051 


11.3 


1.2 


-0.0699 


0.1062 


6.5 


4.9 


11.2 


2.985059 


0.000070 


5.4 


0.8 


-0.4269 


0.1449 


4.0 


3.6 


6.9 


3.014151 


0.000068 


5.8 


0.8 


-0.0710 


0.1408 


4.3 


3.7 


7.2 


3.037473 


0.000024 


57.6 


2.9 


-0.0431 


0.0497 


21.9 


13.0 


34.7 


3.069224 


0.000071 


5.1 


0.7 


0.0267 


0.1476 


4.0 


3.6 


6.7 


3.084787 


0.000067 


5.7 


0.8 


0.4220 


0.1390 


4.4 


3.8 


7.4 


3.085602 


0.000072 


4.9 


0.7 


0.0512 


0.1484 


4.0 


3.6 


6.6 


3.086319 


0.000012 


193.7 


5.0 


0.3975 


0.0255 


43.9 


30.0 


83.1 


3.087701 


0.000062 


7.1 


0.9 


-0.1449 


0.1282 


5.0 


4.1 


8.3 


3.088884 


0.000070 


5.4 


0.8 


0.3329 


0.1440 


4.2 


3.7 


6.9 


3.103575 


0.000071 


5.1 


0.7 


0.1162 


0.1478 


4.1 


3.6 


6.6 


3.109696 


0.000043 


17.1 


1.5 


0.4180 


0.0888 


9.4 


6.2 


14.8 


3.116148 


0.000039 


21.4 


1.7 


0.0200 


0.0797 


11.0 


7.1 


17.3 


3.120133 


0.000061 


7.4 


0.9 


-0.3535 


0.1265 


5.2 


4.2 


8.5 


3.139460 


0.000059 


7.8 


1.0 


-0.1922 


0.1229 


5.5 


4.3 


8.9 


3.142726 


0.000045 


14.6 


1.4 


-0.0898 


0.0940 


8.7 


5.8 


13.5 


3.156707 


0.000073 


4.6 


0.7 


0.4746 


0.1511 


4.0 


3.6 


6.4 


3.165088 


0.000067 


6.0 


0.8 


-0.3271 


0.1385 


4.6 


3.9 


7.4 


3.171073 


0.000069 


5.6 


0.8 


0.1814 


0.1427 


4.4 


3.8 


7.1 


3.245122 


0.000072 


4.9 


0.7 


-0.3766 


0.1483 


4.2 


3.7 


6.6 


3.245835 


0.000070 


5.4 


0.8 


-0.1564 


0.1443 


4.4 


3.8 


6.9 


3.246498 


0.000014 


139.5 


4.1 


-0.3764 


0.0296 


47.0 


25.9 


67.8 


3.247461 


0.000063 


6.9 


0.9 


-0.3672 


0.1302 


5.3 


4.2 


8.1 


3.248312 


0.000067 


5.9 


0.8 


-0.3360 


0.1392 


4.7 


3.9 


7.3 


3.273128 


0.000046 


14.2 


1.4 


0.4038 


0.0956 


9.2 


5.9 


13.1 


3.345399 


0.000048 


13.1 


1.3 


-0.0423 


0.0989 


8.9 


5.8 


12.4 


3.447427 


0.000032 


31.1 


2.1 


-0.0890 


0.0664 


17.9 


9.7 


22.4 


3.529570 


0.000071 


5.0 


0.7 


-0.0245 


0.1471 


4.5 


3.9 


6.7 


3.536865 


0.000072 


5.1 


0.7 


0.3687 


0.1485 


4.4 


3.8 


6.6 


3.552251 


0.000064 


6.4 


0.9 


0.0158 


0.1326 


5.3 


4.3 


7.9 


3.553755 


0.000073 


4.8 


0.7 


-0.4553 


0.1508 


4.3 


3.8 


6.4 


3.560220 


0.000071 


4.8 


0.7 


-0.1317 


0.1473 


4.4 


3.9 


6.6 


3.596387 


0.000049 


12.2 


1.2 


-0.2528 


0.1019 


9.2 


5.9 


11.9 


3.653102 


0.000078 


4.1 


0.7 


0.0905 


0.1609 


4.3 


4.0 


5.9 


3.663525 


0.000073 


4.6 


0.7 


-0.4976 


0.1522 


4.1 


3.9 


6.3 


3.698604 


0.000072 


4.8 


0.7 


0.2168 


0.1495 


4.3 


3.9 


6.5 


3.711482 


0.000057 


8.4 


1.0 


-0.4243 


0.1189 


6.5 


5.1 


9.3 


3.777118 


0.000062 


6.9 


0.9 


-0.1176 


0.1288 


5.7 


4.7 


8.3 


3.779849 


0.000069 


5.5 


0.8 


-0.2177 


0.1432 


4.6 


4.1 


7.0 


3.792929 


0.000072 


5.0 


0.7 


0.3972 


0.1482 


4.3 


4.0 


6.6 


3.820400 


0.000060 


7.6 


0.9 


-0.2378 


0.1242 


6.0 


4.9 


8.7 


3.821662 


0.000011 


247.3 


5.4 


-0.1388 


0.0220 


83.5 


41.8 


98.7 


3.822997 


0.000063 


6.9 


0.9 


0.4320 


0.1294 


5.6 


4.7 


8.2 


3.860983 


0.000059 


7.8 


1.0 


-0.0151 


0.1226 


6.0 


5.0 


8.9 


3.863744 


0.000061 


7.3 


0.9 


-0.0938 


0.1270 


5.7 


4.8 


8.5 


3.870945 


0.000072 


4.8 


0.7 


-0.4535 


0.1491 


4.2 


4.0 


6.5 


3.906305 


0.000059 


8.0 


1.0 


0.3158 


0.1223 


6.0 


5.1 


9.0 


3.928223 


0.000074 


4.6 


0.7 


-0.3929 


0.1523 


4.1 


3.9 


6.3 
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Table A.2. continued. 



/(d" 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRCld-'^d 


•'.full) 


3.937404 


0.000066 


6.1 


0.8 


0.0607 


0.1363 


5.0 


4.5 


7.6 


3.981239 


0.000069 


5.5 


0.8 


0.2949 


0.1437 


4.5 


4.2 


7.0 


3.984420 


0.000069 


5.5 


0.8 


0.2111 


0.1437 


4.5 


4.2 


7.0 


3.990205 


0.000073 


4.6 


0.7 


0.4284 


0.1514 


4.1 


4.0 


6.4 


3.991337 


0.000065 


6.3 


0.8 


0.1175 


0.1347 


5.1 


4.6 


7.7 


4.012666 


0.000064 


6.6 


0.9 


0.3425 


0.1325 


5.2 


4.7 


7.9 


4.054438 


0.000057 


8.7 


1.0 


0.4946 


0.1175 


6.5 


5.6 


9.5 


4.106573 


0.000051 


11.4 


1.2 


-0.2375 


0.1058 


8.2 


6.5 


11.3 


4.109840 


0.000055 


9.6 


1.1 


-0.1046 


0.1129 


7.1 


6.0 


10.2 


4.114838 


0.000073 


4.7 


0.7 


-0.2734 


0.1514 


4.8 


4.3 


6.4 


4.216587 


0.000077 


4.2 


0.7 


0.2202 


0.1590 


4.0 


3.9 


6.0 


4.242121 


0.000048 


12.6 


1.3 


0.4375 


0.0988 


9.3 


7.3 


12.3 


4.250261 


0.000050 


11.9 


1.2 


0.2448 


0.1028 


8.7 


7.0 


11.7 


4.255394 


0.000077 


4.0 


0.6 


0.0990 


0.1600 


4.0 


3.8 


5.9 


4.271557 


0.000070 


5.1 


0.7 


-0.4232 


0.1457 


4.6 


4.3 


6.8 


4.286785 


0.000072 


4.8 


0.7 


-0.4521 


0.1497 


4.4 


4.2 


6.5 


4.296968 


0.000077 


4.1 


0.7 


-0.1715 


0.1598 


5.0 


4.2 


5.9 


4.309444 


0.000059 


7.8 


1.0 


0.0050 


0.1224 


6.5 


5.5 


8.9 


4.344108 


0.000066 


6.1 


0.8 


-0.1194 


0.1365 


5.4 


4.8 


7.6 


4.355104 


0.000070 


5.2 


0.8 


0.1479 


0.1457 


4.7 


4.4 


6.8 


4.399175 


0.000034 


27.7 


2.0 


-0.4459 


0.0711 


19.0 


13.1 


20.6 


4.410920 


0.000073 


4.6 


0.7 


0.2965 


0.1513 


4.5 


4.2 


6.4 


4.434975 


0.000079 


4.0 


0.6 


-0.4015 


0.1630 


4.1 


3.8 


5.8 


4.446206 


0.000057 


8.6 


1.0 


-0.2574 


0.1176 


7.5 


6.1 


9.5 


4.450526 


0.000079 


4.0 


0.6 


-0.3650 


0.1629 


4.1 


3.8 


5.8 


4.484742 


0.000062 


7.0 


0.9 


0.4815 


0.1289 


6.4 


5.4 


8.3 


4.501149 


0.000052 


10.7 


1.2 


-0.0499 


0.1078 


9.0 


7.1 


10.9 


4.531661 


0.000072 


4.8 


0.7 


0.0040 


0.1495 


4.7 


4.3 


6.5 


4.573423 


0.000074 


4.5 


0.7 


0.0806 


0.1524 


4.6 


4.2 


6.3 


4.582912 


0.000070 


5.4 


0.8 


0.0596 


0.1441 


6.4 


5.5 


7.0 


4.587751 


0.000058 


8.4 


1.0 


0.2224 


0.1197 


7.6 


6.1 


9.3 


4.605183 


0.000078 


4.2 


0.7 


0.0719 


0.1608 


4.3 


4.0 


5.9 


4.608249 


0.000048 


13.2 


1.3 


-0.4907 


0.0989 


10.4 


8.3 


12.5 


4.619063 


0.000077 


4.2 


0.7 


-0.0732 


0.1591 


4.4 


4.0 


5.9 


4.634915 


0.000072 


4.7 


0.7 


0.4297 


0.1489 


4.9 


4.4 


6.5 


4.667380 


0.000073 


4.8 


0.7 


-0.0909 


0.1515 


4.8 


4.3 


6.4 


4.748165 


0.000078 


4.0 


0.7 


0.0480 


0.1613 


4.6 


4.0 


5.8 


4.765253 


0.000053 


10.5 


1.1 


0.1555 


0.1097 


9.7 


7.5 


10.7 


4.791891 


0.000055 


9.6 


1.1 


0.4187 


0.1134 


8.9 


7.2 


10.1 


4.832120 


0.000051 


11.3 


1.2 


0.2402 


0.1059 


10.2 


8.0 


11.2 


4.864148 


0.000068 


5.7 


0.8 


0.3348 


0.1417 


6.2 


5.0 


7.2 


4.896906 


0.000077 


4.1 


0.7 


-0.3036 


0.1598 


5.0 


4.2 


5.9 


4.998948 


0.000057 


8.4 


1.0 


0.1532 


0.1188 


8.9 


6.9 


9.3 


5.011313 


0.000066 


6.1 


0.8 


0.0717 


0.1368 


6.7 


5.5 


7.5 


5.059861 


0.000075 


4.3 


0.7 


0.1041 


0.1557 


5.3 


4.4 


6.1 


5.117559 


0.000068 


5.7 


0.8 


-0.1121 


0.1417 


6.6 


5.3 


7.2 


5.272963 


0.000060 


7.7 


1.0 


0.0338 


0.1238 


8.3 


7.0 


8.8 


5.283426 


0.000055 


9.2 


1.1 


-0.2664 


0.1147 


9.5 


8.1 


9.9 


5.340390 


0.000058 


8.4 


1.0 


-0.2787 


0.1193 


8.7 


7.6 


9.3 


5.432483 


0.000076 


4.3 


0.7 


-0.1376 


0.1582 


5.3 


4.6 


6.0 


5.443889 


0.000072 


4.8 


0.7 


0.2246 


0.1493 


5.8 


5.0 


6.5 


5.445974 


0.000070 


5.4 


0.8 


-0.4428 


0.1442 


6.4 


5.5 


7.0 


5.446646 


0.000036 


26.0 


1.9 


0.3424 


0.0738 


22.7 


19.4 


19.6 


5.449425 


0.000072 


4.7 


0.7 


-0.0489 


0.1501 


5.7 


5.0 


6.5 


5.455757 


0.000066 


6.2 


0.8 


-0.4998 


0.1367 


6.8 


6.0 


7.5 


5.576161 


0.000066 


6.1 


0.8 


0.4126 


0.1364 


6.8 


6.1 


7.6 


5.586258 


0.000078 


4.0 


0.6 


-0.0360 


0.1618 


5.0 


4.5 


5.8 


5.603778 


0.000054 


9.8 


1.1 


0.0550 


0.1122 


9.9 


9.0 


10.3 


5.611949 


0.000033 


29.5 


2.0 


-0.0654 


0.0675 


24.4 


22.5 


21.9 


5.620067 


0.000062 


6.9 


0.9 


-0.4061 


0.1286 


7.5 


6.8 


8.3 


5.682233 


0.000073 


4.7 


0.7 


0.1377 


0.1506 


5.7 


5.1 


6.4 
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Table A.2. continued. 



/(d" 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRUd-'^d 


- 1 , full) 


5.704571 


0.000066 


6.2 


0.8 


-0.1822 


0.1367 


6.9 


6.3 


7.6 


5.712071 


0.000065 


6.2 


0.8 


-0.3213 


0.1346 


7.1 


6.3 


7.6 


5.713156 


0.000018 


95.9 


3.5 


-0.1313 


0.0362 


61.2 


63.3 


51.5 


5.714220 


0.000066 


6.5 


0.8 


-0.4332 


0.1377 


6.9 


6.2 


7.5 


5.807809 


0.000048 


12.7 


1.3 


0.4989 


0.0993 


12.5 


12.9 


12.3 


5.812670 


0.000077 


4.2 


0.7 


-0.4597 


0.1587 


5.3 


4.8 


6.0 


5.813459 


0.000060 


7.5 


0.9 


0.1986 


0.1251 


8.1 


7.5 


8.7 


5.815014 


0.000071 


5.0 


0.7 


-0.4330 


0.1472 


6.1 


5.5 


6.7 


5.815859 


0.000053 


10.4 


1.1 


0.1219 


0.1097 


10.8 


9.9 


10.7 


5.839263 


0.000069 


5.4 


0.8 


0.2855 


0.1438 


6.4 


5.5 


7.0 


5.862920 


0.000049 


12.2 


1.2 


0.1031 


0.1020 


12.4 


11.2 


11.9 


5.917997 


0.000078 


4.0 


0.7 


-0.2653 


0.1616 


5.1 


4.7 


5.8 


5.921182 


0.000064 


6.6 


0.9 


0.1360 


0.1323 


7.2 


6.8 


7.9 


6.019968 


0.000067 


5.8 


0.8 


-0.2111 


0.1393 


6.9 


6.2 


7.3 


6.038727 


0.000048 


13.2 


1.3 


0.4544 


0.0985 


12.8 


12.2 


12.5 


6.126903 


0.000075 


4.5 


0.7 


-0.1644 


0.1543 


5.5 


5.2 


6.2 


6.283971 


0.000048 


13.1 


1.3 


-0.0428 


0.0987 


13.5 


12.4 


12.5 


6.289858 


0.000062 


6.9 


0.9 


-0.0123 


0.1289 


7.9 


7.4 


8.2 


6.310540 


0.000071 


5.0 


0.7 


-0.2354 


0.1469 


6.1 


5.5 


6.7 


6.386523 


0.000072 


4.8 


0.7 


0.0710 


0.1495 


5.9 


5.5 


6.5 


6.560975 


0.000070 


5.1 


0.7 


-0.0977 


0.1458 


6.2 


5.8 


6.8 


6.573326 


0.000066 


6.2 


0.8 


0.2347 


0.1360 


7.3 


6.8 


7.6 


6.662791 


0.000078 


4.0 


0.7 


0.1292 


0.1618 


5.1 


4.9 


5.8 


6.702190 


0.000072 


4.7 


0.7 


-0.1907 


0.1500 


5.7 


5.6 


6.5 


6.730647 


0.000070 


5.4 


0.8 


-0.3801 


0.1445 


6.2 


6.2 


7.0 


6.864711 


0.000078 


4.0 


0.7 


-0.3784 


0.1617 


5.0 


5.0 


5.8 


6.902936 


0.000078 


4.1 


0.7 


-0.1306 


0.1609 


5.0 


5.1 


5.9 


6.907250 


0.000060 


7.7 


1.0 


-0.4038 


0.1236 


8.4 


8.5 


8.8 


6.951400 


0.000078 


4.1 


0.7 


0.0933 


0.1621 


4.9 


5.1 


5.8 


6.965381 


0.000048 


12.9 


1.3 


0.1957 


0.0993 


12.5 


13.0 


12.3 


6.995214 


0.000071 


5.0 


0.7 


0.1440 


0.1476 


5.7 


6.0 


6.7 


7.084904 


0.000077 


4.2 


0.7 


0.3618 


0.1596 


5.1 


5.2 


5.9 


7.120436 


0.000069 


5.4 


0.8 


-0.0433 


0.1437 


6.2 


6.4 


7.0 


7.122469 


0.000067 


5.8 


0.8 


0.3050 


0.1397 


6.5 


6.8 


7.3 


7.128889 


0.000070 


5.2 


0.8 


-0.1093 


0.1457 


6.0 


6.2 


6.8 


7.143614 


0.000039 


20.8 


1.7 


-0.3277 


0.0800 


19.3 


20.5 


17.1 


7.196187 


0.000069 


5.6 


0.8 


-0.4116 


0.1420 


6.3 


6.7 


7.1 


7.201020 


0.000048 


12.8 


1.3 


-0.0832 


0.0993 


12.7 


13.3 


12.3 


7.203361 


0.000075 


4.3 


0.7 


0.4825 


0.1557 


5.2 


5.5 


6.1 


7.212822 


0.000052 


11.1 


1.2 


0.1712 


0.1071 


11.4 


11.8 


11.1 


7.224377 


0.000072 


4.8 


0.7 


0.2906 


0.1490 


5.7 


6.0 


6.5 


7.285790 


0.000073 


4.6 


0.7 


0.0875 


0.1514 


5.5 


5.8 


6.4 


7.293403 


0.000065 


6.3 


0.9 


0.0991 


0.1350 


7.0 


7.4 


7.7 


7.432884 


0.000051 


11.5 


1.2 


0.4094 


0.1054 


11.8 


12.5 


11.3 


7.467964 


0.000079 


3.9 


0.6 


0.4151 


0.1628 


4.9 


5.3 


5.8 


7.480133 


0.000072 


4.8 


0.7 


0.3093 


0.1494 


5.7 


6.1 


6.5 


7.553969 


0.000054 


9.9 


1.1 


-0.0755 


0.1120 


10.8 


11.2 


10.3 


7.565656 


0.000055 


9.4 


1.1 


0.1817 


0.1146 


10.4 


10.8 


10.0 


7.964304 


0.000066 


6.1 


0.8 


0.4026 


0.1372 


7.7 


7.5 


7.5 


8.030815 


0.000068 


5.7 


0.8 


0.3024 


0.1409 


7.6 


7.2 


7.2 


8.067648 


0.000074 


4.4 


0.7 


0.3738 


0.1537 


5.9 


6.0 


6.2 


8.327081 


0.000055 


9.8 


1.1 


0.3860 


0.1129 


12.0 


11.6 


10.2 


8.330156 


0.000073 


4.7 


0.7 


-0.1530 


0.1508 


6.6 


6.3 


6.4 


8.419149 


0.000055 


9.4 


1.1 


-0.0606 


0.1145 


11.3 


11.3 


10.0 


8.429174 


0.000077 


4.2 


0.7 


-0.2718 


0.1586 


5.8 


5.8 


6.0 


8.508967 


0.000074 


4.4 


0.7 


-0.3451 


0.1532 


6.0 


6.1 


6.2 


8.533043 


0.000070 


5.2 


0.8 


-0.0268 


0.1456 


6.8 


6.8 


6.8 


8.554529 


0.000072 


4.8 


0.7 


0.3219 


0.1494 


5.7 


6.1 


6.5 


8.561808 


0.000069 


5.6 


0.8 


-0.3669 


0.1430 


7.1 


7.2 


7.1 


8.562751 


0.000039 


20.9 


1.7 


0.1385 


0.0801 


22.4 


22.9 


17.1 


8.563690 


0.000060 


7.7 


0.9 


0.2301 


0.1242 


9.2 


9.5 


8.8 



P. I. Papics et al.: Two new binaries with main sequence B-type pulsators from Kepler., Online Material p 15 
Table A.2. continued. 



/(cT 1 ) 


e/ (d-') 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRCld-'^d 


- 1 , full) 


8.586234 


0.000079 


3.9 


0.6 


0.0447 


0.1641 


5.3 


5.4 


5.7 


8.661128 


0.000069 


5.6 


0.8 


0.3707 


0.1419 


7.2 


7.3 


7.1 


8.853440 


0.000066 


6.1 


0.8 


0.4536 


0.1362 


7.5 


7.9 


7.6 


8.858466 


0.000063 


6.7 


0.9 


0.0757 


0.1307 


8.1 


8.6 


8.1 


9.045160 


0.000064 


6.5 


0.9 


0.3430 


0.1324 


7.9 


8.5 


7.9 


9.049085 


0.000054 


10.1 


1.1 


0.2210 


0.1115 


11.6 


12.4 


10.4 


9.204849 


0.000072 


4.9 


0.7 


-0.4517 


0.1486 


6.5 


6.8 


6.6 


9.208615 


0.000072 


5.0 


0.7 


0.2719 


0.1498 


6.4 


6.7 


6.6 


9.212600 


0.000074 


4.5 


0.7 


-0.4606 


0.1524 


6.0 


6.4 


6.3 


9.274796 


0.000077 


4.2 


0.7 


0.3308 


0.1590 


5.7 


6.0 


5.9 


9.286589 


0.000041 


18.4 


1.6 


-0.1411 


0.0855 


19.8 


21.8 


15.6 


9.298494 


0.000064 


6.6 


0.9 


-0.4962 


0.1325 


8.1 


8.6 


7.9 


9.368605 


0.000048 


12.8 


1.3 


-0.2152 


0.0994 


15.0 


15.7 


12.3 


9.372096 


0.000070 


5.2 


0.8 


-0.2250 


0.1457 


6.9 


7.2 


6.8 


9.392051 


0.000070 


5.5 


0.8 


0.3127 


0.1440 


7.1 


7.5 


7.0 


9.519265 


0.000070 


5.4 


0.8 


-0.0946 


0.1439 


7.2 


7.5 


7.0 


9.586461 


0.000071 


5.1 


0.7 


0.1928 


0.1460 


6.8 


7.2 


6.8 


9.590626 


0.000068 


5.7 


0.8 


0.3145 


0.1412 


7.3 


7.8 


7.2 


9.591994 


0.000069 


5.4 


0.8 


0.1960 


0.1438 


7.1 


7.5 


7.0 


9.601262 


0.000045 


14.9 


1.4 


-0.4745 


0.0934 


16.5 


18.4 


13.6 


9.892513 


0.000079 


4.0 


0.6 


-0.3522 


0.1631 


6.0 


5.9 


5.8 


9.996742 


0.000050 


12.0 


1.2 


-0.4161 


0.1027 


15.5 


15.5 


11.8 


10.026777 


0.000072 


5.0 


0.7 


0.4192 


0.1482 


7.4 


7.1 


6.6 


10.027681 


0.000027 


43.9 


2.4 


-0.0104 


0.0555 


45.1 


49.0 


29.1 


10.028820 


0.000056 


9.0 


1.0 


-0.2880 


0.1156 


12.3 


12.0 


9.7 


10.033925 


0.000074 


4.4 


0.7 


0.2509 


0.1537 


6.8 


6.6 


6.2 


10.035793 


0.000076 


4.2 


0.7 


0.1153 


0.1582 


6.5 


6.3 


6.0 


10.051771 


0.000048 


12.9 


1.3 


0.2694 


0.0993 


16.0 


16.3 


12.3 


10.153786 


0.000054 


9.8 


1.1 


0.1939 


0.1118 


13.5 


13.1 


10.3 


10.289782 


0.000059 


7.9 


1.0 


0.4630 


0.1222 


11.6 


11.1 


9.0 


10.523150 


0.000069 


5.6 


0.8 


0.4109 


0.1422 


8.6 


8.3 


7.1 


10.580472 


0.000070 


5.1 


0.7 


0.1138 


0.1455 


8.3 


7.8 


6.8 


10.864939 


0.000064 


6.4 


0.9 


0.3541 


0.1335 


9.7 


9.5 


7.8 


10.871242 


0.000067 


5.9 


0.8 


0.4573 


0.1391 


9.0 


8.8 


7.4 


10.931437 


0.000072 


4.8 


0.7 


-0.1558 


0.1497 


7.7 


7.5 


6.5 


11.041133 


0.000072 


4.8 


0.7 


-0.3797 


0.1495 


7.7 


7.5 


6.5 


11.167848 


0.000067 


5.8 


0.8 


0.2169 


0.1392 


8.7 


8.9 


7.3 


11.209129 


0.000076 


4.3 


0.7 


-0.0477 


0.1571 


7.0 


6.9 


6.1 


11.210990 


0.000062 


7.1 


0.9 


-0.3341 


0.1288 


10.2 


10.5 


8.3 


11.254590 


0.000073 


4.6 


0.7 


-0.4614 


0.1518 


7.4 


7.4 


6.4 


11.514614 


0.000072 


5.3 


0.7 


0.3625 


0.1487 


7.7 


7.8 


6.6 


11.515490 


0.000029 


37.7 


2.3 


-0.1053 


0.0608 


42.6 


47.2 


25.8 


11.516755 


0.000072 


4.8 


0.7 


0.4942 


0.1497 


7.6 


7.7 


6.5 


11.575167 


0.000078 


4.0 


0.6 


-0.3561 


0.1625 


6.6 


6.6 


5.8 


11.576811 


0.000037 


24.1 


1.8 


0.3756 


0.0759 


31.8 


32.7 


18.7 


11.581716 


0.000070 


5.4 


0.8 


-0.3996 


0.1443 


8.4 


8.5 


7.0 


11.999546 


0.000054 


9.9 


1.1 


-0.2079 


0.1121 


15.6 


15.2 


10.3 


12.461162 


0.000072 


4.7 


0.7 


-0.3026 


0.1500 


8.4 


8.3 


6.5 


12.822210 


0.000073 


4.6 


0.7 


0.3373 


0.1519 


8.1 


8.2 


6.4 


12.979377 


0.000063 


6.8 


0.9 


0.3017 


0.1299 


11.8 


11.7 


8.2 


12.991658 


0.000070 


5.2 


0.8 


0.1187 


0.1458 


9.2 


9.2 


6.8 


13.034207 


0.000045 


16.0 


1.5 


0.2208 


0.0923 


25.3 


25.3 


14.1 


13.535395 


0.000057 


8.5 


1.0 


-0.3622 


0.1186 


15.4 


14.8 


9.4 


13.538492 


0.000079 


3.9 


0.6 


0.3484 


0.1639 


7.7 


7.3 


5.7 


13.745474 


0.000064 


6.5 


0.9 


-0.2249 


0.1326 


12.0 


11.7 


7.9 


13.748978 


0.000078 


4.0 


0.7 


-0.2203 


0.1620 


7.7 


7.6 


5.8 


13.817837 


0.000070 


5.2 


0.8 


-0.0726 


0.1457 


9.5 


9.5 


6.8 


14.193384 


0.000072 


4.8 


0.7 


-0.3881 


0.1488 


8.9 


9.2 


6.6 


14.339894 


0.000071 


5.1 


0.7 


-0.2243 


0.1466 


9.5 


9.7 


6.7 


14.340933 


0.000036 


24.4 


1.8 


0.1527 


0.0754 


38.5 


40.1 


18.9 


14.341818 


0.000069 


5.6 


0.8 


0.2501 


0.1431 


10.1 


10.4 


7.1 
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/(d" 1 ) 


e/ (d-<) 


A (ppm) 


e A (ppm) 


6»(27r/rad) 


eg (27r/rad) 


SNRCld-'^d- 


'.full) 


14.641374 


0.000069 


5.5 


0.8 


0.3069 


0.1437 


10.1 


10.7 


7.0 


15.138861 


0.000070 


5.2 


0.8 


0.3872 


0.1456 


10.8 


10.4 


6.8 


15.140819 


0.000055 


9.5 


1.1 


-0.4390 


0.1133 


18.6 


18.2 


10.1 


15.161112 


0.000057 


8.3 


1.0 


0.3973 


0.1189 


17.0 


16.2 


9.3 


15.670057 


0.000076 


4.3 


0.7 


0.4987 


0.1571 


9.1 


8.9 


6.1 


15.702644 


0.000048 


12.9 


1.3 


0.3438 


0.0992 


24.2 


24.6 


12.4 


15.859660 


0.000058 


8.1 


1.0 


0.4696 


0.1202 


15.8 


16.3 


9.1 


16.185709 


0.000077 


4.2 


0.7 


-0.3296 


0.1588 


8.6 


9.1 


6.0 


17.656751 


0.000076 


4.3 


0.7 


-0.0050 


0.1567 


10.0 


10.0 


6.1 



